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BACKGROUND OF THE INVENTION 2003 '12- 0 2 



1, Technical Field 
The field of the invention is aiialyle cancentradon detenninatioti. 



HuvudfoMnKoaon 



2. Description of prior art 

The sobject invention concerns detennxnation of analyte concentrations in postulated 
anticoagalated plaana by detemitnation of analyte coiicentzBtions in blood. The 
x«sults of such detentiinations axe needed to n:iake medical diagnosis and to momtor 
the effects of medical treatments. 



Det^minations of analyte concentxations 
perfibimed at laboratories, distant fiom the patient The results of the detenninations 
ai^ often needed at care lacilities, dose to die patient This spatial situation creates a 
drive to perfonn analyte conoenttation detenninatioiis near the patient. Only 
anticoaglated blood can be transported fiom care &cilities to laboratories. At 
laboratories, the analyte detenninations are per f oi med on the anticoagulated blood or 
cm ontiGoagidated plasma piepaxed fiom the anticoagulated blood. Anticoagulated 
plasma is easier to work widi and easier to store. Therefore, vrhen possible, laboratoxy 
detenninations of anal/te concentratioDS are peifimned on antico^Mated plasma. At 
the near-patiem fecilities die situation is different. Blood is readily available, but 
anticoagulated plasma is inconvenirait and time consuming to prepare. This gives rise 
to a situation ^ere labcmtoiy derermmations of analyte concentrations are perfimned 
<m antiGoagiilated plasm and near-patient detraninations are perfonned on blood The 
situation is unsatisfactoiy because ratiooal medical practice reqiures the association 
between one analyte conccnuation value and one given patient at one giv^ time. 
Given the choice, clinicians would prefer tite values of analyte concentration in 
anticoagalated idasma, becanse of these values are association witii a greater wealth 
of clinical reference data. Apart fiom the nature of tiie sample, the snlyject inyei^n 
concerns accuracy and reliability of analyte concentration detenninations. It is 
recognized, that accuracy and reliabflify are fundamental for the medical usefulness of 
analyte concentration detenninations. 

Per definition, an analytical mediod is accuiaieifit generates results that are in 
agreement with those of a reference mediod. This also applies to near^patient medmds 
to determine analyte concentrations. Aiational design stmegy to obtain an accurate 
near^atiwt method Is to adopt the chemistxy and the assay conditions of a reference 
method, or of a method preven to be accurate according to the above. This 
straigjbtferwanl stretegy is difScutt to follow. Reference methods are labc^atoiy 
methods that represent culminations of long-term collaborative researchers efforts in 
laboratoiy milieus. These milieus and milieus of clinical laboratories are relatively 
similar. Asaiy condition that can be acctmiplishedtn one can be accomplished in the 
odier. The milieus within which near^patient concentration determinations are 
perfonned are markedly different Already the first procedtiral s^ 
laboratoty rnetbod, to mix a precise volume of anticoagulated plasma and a precise 
volume of a reagent, represcmts a near insunnountable hurdle at near-patient assay 
sites. At surgical theaters, primary care centers, doctors* offices and patknts' homes. 
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KiHflfon anticoagulated plasma is inconvenient to prepare, and precise volumes are difficult to 
tlUYUOreMn accomplish. Thercfoi^, ihe fiist procedural step of a near-patient metliod is typically; 

to mix an. imprecisely defined volume of blood wiib a diy reagent. The designer of 
near-patieni assay methods have not pnrposeRilly deviate from the assay conditions of 
the accurate laboratory methods; it has been forced upon them. Sti11» the deviations 
from laboratory assay conditions have inflicted accuracy flaws in the near-patient 
assay methods. This has caused concern and insecurity, and has eompromiscd the 
safe9^ and efiScacy of medical diagno»s and treatments. A strategy to inq[»rove the 
accuracy of near>paticnt analyte cmeeobratifm deienninations is, 1) to identify Ate 
aspects of assay conditions diat a£EBCt accuracy, and 2) to persistently adhere to the 
identified aspects. 



» - » 



Reference medmds, and accuraie labmatosy methods, are oftA 
mediods. Amain reason for the suec^ of die wet-chemistry mediods is dseir 
univer&al potency in combating matrix effects. Mixing a small volume of sample with 
a large volume of reagent dilutes the sample. Tins diminishes all effects of the sample 
and sets the scene for assay conditiims diat selectively fiivors the effects of the 
anat^e. The effects of the non^anatyties of the sample, tihe matrix efifeets, are thereby 
dis&vored and die accuracy of the assay enhanced. 

Quantitaiive determination of analyte concentrations by wet-chemistiy methods 
requires precise allotment of mtended volumes, jveeisely what is difficult to 
accomplish at near-patient assay sites. Prior art approadies to sohring the problem is 
to invent convenient, inexpensive and precise volumetric devices with whidb near- 
patient methods may be practiced. This approach has been experienced limited 
success. 

Apart fiom die classical near-i)atient assay site mentioned above^ near-patient assays 
ai^ also performed at smaller laboratories and at divisions of lari^ laboratories. All 
near-patient assay sites share the aversion of preparing antico^ulated plasma but 
display a difiEensnce in dietr ability to accomplish precisely defined volumes. In the 
feUowing, a distinction is made between near^atient assay sites and smaller 
laboratories. They share a preference f6r blood but differ in dieir abiltty to preeisely 
allot intended voltunes of blood and reagents. 



Smaller laboralories and near-paiient assay sites also share concerns regarding the 
ittliability of analyte concentradon detominadons. Lax^ger laboratories set the 
reUabilty sEtandard. Ac larger laboratories, thousands of ana^e cancmtratiQns per 
year, of a given kind, are performed. Around the clock, stationaty, automated, reliable 
measurement and determination devices allot intended volumes of andcoagulated 
plasma ff"d reagent, perform measurements and determine analyte concentrations. 
Specialized, wett-tcained technicians sop^vise die activities. The devices undergo 
periodic maintenance. Calibration, involving the whole procedural set up, is 
performed whenev^ ]H'ocedural change are made, e.g. when a new lot of reagent is 
introduced. Because of all this, a hi^ level of assay reliability is reached at \9rgsr 
laboratories. It is no eagy task to attain eonqparable assay reliabili^ at onaller 
laboratories and at near^-patient assay sites. A strategy for rdiabilily inqirovranent 
inchides die identffication of reliabilxty^enhandng measure of lariger laboratraes diat 
are lacking at smaller laboratories and at near-patient ass£^ sites, and the installment 
of the saoie or equivalent measure. Periodic maintenance of measuring and 
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determination devices is one such measure. Calibration of the whole procedural sct- 
HuvudfoMn Kaasdn upon introduction of procedural changes, is another. 

For leasons oftradition, and to speed reactions, laboratoxy methods are Qqtically 
performed at 37°C. With regard to accuracy, the temperature, it itself, is typical not 
ciucial If advantages in design of near-patient assay methods can be gained by 
perfbrming the assay at room temperature, this should be considered. The demand for 
37°C in neax^patient modiods may 6V«a be a source of imprecision and inaccuracy. At 
smaller laboratoties and near-patieixl; sites, analyte concentxation detemunations^ of a 
given kind, are perfiwmcd sporadically. Because of this, the measurement devices axe 
not in constant operation. The demand for 37°C requires temperature equilibration of 
measnranent devices and rei^^ts in xnunediate connection with die detenninaticm. 
This consumes vahxablc time, and becomes a source of ctzor. Since time is precious, 
the equilibration time will always be at amxnxmum, and always be someindiat 
insufficient. The somewhat insufficient temperature equtHI)mion tinie will result in 
imprest teTOpoature definition, and cause assay imprecision. The 6<MXiewliat 
insufSctent ussapeiBtxm equilibratiim time will also tend to give lower temperatures 
than the intended, and cause assay inaccuracy. Assay time, xnqnrecision and 
inaccuracy are reduced if temperature equilibration wrae avoided. FurOtennorB, 
assigning thcraiostat-hcating blocks to oblivion reduces the complexity and cost of 
measuremoit devices and roaikedly reduces their power consumption. This opens the 
way to m<m effident comrnercial distxibution of assay equipmeiit, which may 
increase accuracy and reliability of near-paiicnt ana^e concentration determinadons, 
and reduce costs. 

y Further description of the background of die invention is by example, die 

detemnxiation of prottuombin time (PT). 



Accordmg to prior art, there are two mediods of PT detmnmatton. One is described in 
Quick A. The protfifombin time in hemophilia and obstructive jaundice. Journal of 
Biological Chendstiy 1935; 109:73-74. The other is described in Owren P. 
Tbrmibotest Anew method for ccmlndling anticoagulant fbsapy, L^cet 1959; ii: 
754-758. Both medxods are based on coagulatitm induced by cell membrane bound . 
tissue fector. Hence, the reagent of botfi methods contains thtomb<q»lastiiL Howevo; 
there is an xnq>ortant difference. Apart from various salts and excq^ients, a Quick PT 
rea^gent contains only thromboplastin, whereas an Owren PT reagent also contains 
plasma depleted of pcotems that bind to BaS04. Inpaiticular, the depleted plasma is 
depleted of coagulation fectofs 11, VII and X but not depleted in two other protdn 
cotiqponents necessaiy for cos^ation, coa^lation fector V and fibnnog^ Tli© 
Quick PT metfiod relies on the san^^Ie, as a source of fibrinogen and coagulation 
ihotor V, and is profeimdly af&ct by cfeficiencies and abnormalities of these. Hie 
Owren FT mediod is fhusmore spedfic far die Actors of interest. Since coagulation 
Actors n, Vll and X but not coagulation &ctor V and fibrinogen, are influeticed by 
medical treatments with vitamin K antagonists, the Owren FT method is more specific 
to the effects of such treatments. The treatments are highly effective in xneventing 
^sis aiid odier coagulopathies and PT assays finnly established in monitotxng 
»tments to assure their safety and ef&acy. 



Fibnnogen is crucial in PT asst^s. It is the ^bstance that imns the clot. No 
fibrinogen means no dot, no clotting time and no FT assay. If, the fibrinogen level 
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^ ifaMtm fells below about OM g/L in the mferture of t«i^ 

Huvudtown iwaon ^^^^^^ hampered and the clotring end-point becomes dubious. Smco plasma levels 

of fibrinogen range down to I g/U plasma to reagent ratios below 1 : 1 0 are prohibited 
in the Qtiick PT meAod. No such limit exists for the Owran PT method, since the 
reagent contains fibrinogen, and the plasma to reagent ratio can be ledttced much 
further than !:10. 

The Quick PT method specifics a rtsaction mixtur© composed one volume of 
anticoagnlated piama and two volumes of reagent. The Qwren PT method specifies 
one volume of anticoagulated plasma and 20 volumes of reagent The greater sample 
dilution of die Owren method reduces matrix effects. This nnakes the Owren method 
more accuiate that the Quick method. 

Adaptation of a laboiaioiy PT method to needs of smaller laboratories and near- 
patient assay sites requires the use of blood instead of anticoagiilated plasma. 
According to prior ait, the PT analyte is fi»und only in the plasma portion of 
anticoagulated blood, and not in the cell portion. According to this, depending on the 
anticoagolation pfoceas and the hematoctit, die PT in one volume of anticoagulated 
plasma is assumed to be about die same as in LS vohunes of blood Thus, according 
to prior art, die tq»holdmg of the assay conditions of the Quick PT mediod or of the 
Owren PT mediod requires dial 1.5 volumes of blood be mixed widi 2 volumes or 20 
volumes of reag^t, respectively. 



for vitamin K dependant coagnlation Actors and better accuracy are 
^ Owien PT method, Gonqwed to the Qinck In sphe of diis» prior art 

design^ of near-patient PT medxods have been more influenced by die teachings of 
Quick dian of Owien. In addition, most near-patient Quick PT medtod designs have 
c1e«ly violated the Quick PT assay conditions by mixing blood and dried PI* reagent. 
Hds has considerably reduced techmcal probions, but at the risk of fiirther reduced 
accuracy. Phot art and inventive aspects of near-paiient Quick PT meUsods ate 
described in US patent 6,402,704 Bl to McMorrow, US patent 6,103.196 to 
Yassinzadeh et al, US patent 5,302,348 to Cusack ct a1 and US patent 4,849,340 to 
Obeiiiardt. 



An exception, to general design trends in near-i>Bdent PT mediods, is the novi 
PT method of rmvcmber AG, foiangwi, Germany. In spite of its name, the novi 
quidc® PT mediod represents an attempt to adhere to the assay conditions of die 
Owien PT mediod. To solve the iiear-]»tient problem of precise volumes, the novi 
quick® procedure mchides two novel liquid handling devices disclosed in 
PCTyt>B99/003Sl and PCT/DE99/01052 to Bertling et al. One of tli^ is a combined 
glass capillary and hook with which a precise volume of blood can be added to the 
reagent The capillary hook is also used to mix the blood and the reagent an^ 

procedure of hookmg, to dstexmiiiaiion of die clotting time. The deagn of the novi 
quidc® PT aindes to the philosophy of close adherence to accurate laboratory 
mediods. However, in spite of inventive eflfbrts, die requirement of precise vohunes 
has prohibited wide spread use. 



con 



.ro^wT ^. ^, . according to the methods of Quick and Uwrrai ere 

io^e:qjr^9ed in International Normalized Ratio (INR)- The INR of plasma is 



derived from the quotient of the clotting tixc^ 



by the nonnal clotting time. 
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NCT To obtain the INR» the quotient is Taised to an exponent that is characteristic of 
Huvudfaxen Koiwn ^ procedure. The exponent, together witfi tlie NCT, is determined by 

calibration. The exponent is called the International Sensitivity Indeic (ISi). 
Alternatively, P T can be expressed with re^ct to the PT of nonnal plasma, herein 
called PT%. Equations for mter-converaion of PT% and iNR; PT%-1/(0.028*INR- 
0.018) and iNR=Kl/PT%)+0.0 18J/0.028, are given in Lindahl et al. INR cahlnation 
of Owren type prothrombin time based on the relationship between PT% and INR 
mOizing noimal olasma samples. Submitted to Thrombosis and Haemostasis. Similar 




in intemationa] 



infbimatton is found in Ck>gstad G. The rei _ 
normalized ratio ONR). Faimakoterapi 1984; 40: 88-92. 

Some of the difficulties encountered in attenqns to harmonize the results of PT 
determinations in blood and PT detetmtnations in anticoa^ated plasma are caused 
by variati0ns in hematocrit. Accofdii3« to prior art, the results are harmomzed by use 
of a scaling factors. This gives reasomble results when the hematocrit is in the normal 
rmige, but not when the hematocrit is extreme. 

Hematocrit is the fraction of the blood volume that is made up of blood cells- 
Hematocrit canbe delennined by exposing a container with blood to oentrifiiga] 
forces. The whole blood cell vofamio then forms a compact mass at the bottom of fte 
contains, which is measured to detcnnine the hematocrit. Measurix^the volume of 
each individual blood cell and sununing the results is another way to determine 
hematocrit Theie aie also ofrtical methods. Since the vast n^onty of blood cells are 
red Wood cells filled with the red pretdn hemoglobin, hmtatocrit can be detemiined 
by measuring ttie concentration of red color. Optical methods to detennine hwafxient 
axe convenient and deserve special attention. Background and inventive aspects of 
optical detennination of hmatocrit are given in die following publications: U^. 
patent 6,064»474 to Lee et al and U.S. Pat No 5^77.181 to Mendehion et al. The first 
document discloses a method ftr nomnvasive measurement of hematocrit and 
hemoglobin content of blood using one or more wavctengdis, e.g. 8 IS nm and 913 
mnu The wavelengths are selected to give infoimatiott oa hemoglobin concenlraUon 
and plasma light scatter. The second document also discloses die use of two 
wavelengdisoneatapproximateV500nmandtheotheratapprowmately800n^^^ 

The wavelengths are chosen because of insensitivity to the oxygen saturation level of 
hemoglobin. 

At smaller laboratories and at near-patient assay sites there is a need of accurate wet- 
chCTiistiy methods for determhiation of analyto concentrations in postuhited 
anticoagulated plasma by analysis performed on blood. Ths metho^ *ould use 
periodicalKf maintamed measurement and determination devices and analyUcal set- 
ms duit aie caEbnrted each tune a new reagent lot is tmroduced. At near-p^ent assay 
sites, die mefliods need to cimumvcot the reqniremem of precise vo 
and reagents. Thoe is a need for measurcnraitBnd determmation devices with which 
sudi methods can be practiced. Thsm is a need of equipment kits for die same. 



Spedfically. there is a need smaUer labcKatwy m^iods and near-patiem methods, 
based on die accurate Owten PT method, to decCTmine FT in posttdaled 

anticoagulated plasma by dctemitning PT in blood. 
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Huvudfewen KflSMnguj^yxRY OF THE INVEN ViON 



A method to detennme m aaalyw concentration in poslulawd »?f ''^^ 
is Sodded. Two or more mcaswiwnents on the same mntture ofa Wood 
^JSJtomed and two analyte concentmtions ai» det«mmed. On« 0^*0 
^nSTon. is hematocrit. The method can be pracuced '^-^^^'^od 
where intended volumes of Mood and reagent can be precisely aUotted. The method 
can also be practiced atnear-pationt sites wheie such allotment cannot be 
SSClScA^* neaiwpati^ practice of the subject methods «qutt«s that the 
hematocrit of the blood is known. 

MeasuiBment and detcmrfnatlon devices for performing two or more measuranOTts 
^^S^ o?Sood and reag^ are pimrided- The sot^ect *jvtc« 
means to perform two or more measmements, a data processor, and a read only 
meiiMtty for storing caKbtation data. 

Eouioment Wts 8f« provided- The sulgect equipment kits include reagems and subject 
SSrmSSgthesubjectmediods.Eachsnbjectequiiwiem^^^ 

JScSor«Lk L an eviration date. Reagents and 
an eompmeot kit. have identification maiks that aie related to 
SSSS^n»Bt kit. Reagents and subject devices, mcluded in a sulqert 
^5^S to. K cxpimtion d^thatan. ideotical to the eKptratum date of Ae 
subject equipment kit. 



— - r 

r 



V r * 



DETAILED DESCRIPTION OF THE INVENTION 



Methods for detominaiion of an anatyie concenliation in postulated 
JJ^-J^iysis ofa mixture of an intended ,«*»ne of Wood «.dl^ 
^eTf^arepmvided. Said postuhited anticoagjjsted pte^ 
8iiWecl»dt»apostuUiiedanticoaguhiIionptoce8S.Saidsubj«:tiM^ 

cSactcrized Sdiat; a) said mtended vohime of reagem is fi^tj^'^f "^n^K 
^an said mteodcd volume of blood, b) two or more measurenwnts are pafo imedo n 
*SSixt^d)l«nitocrit of saidblood is determined, e) said analyte conceal«mon 
of said blood is determined. 

Measurement and determination devices aie piovided. The m^^ 

Se^Son devices will performe two or '^w,™?**"*^!^"?! r^Xf 
JiSi™ni and will perform the necessary calcula^s to deteomne an anajyte 

inposiLed anticoagplaled plasma. Subject devices comprise; 1) a 
datapiocessor,2)a«adonlymemoty,3)cahT,r«iondata fi^^ 

hematocrit, said hematocrit calibration data is stored m said read °^yj^^' 

cahWon data for determiuation of said analyte ^ 
cahTwalion data is stored in said read only manoiy, 4) means of peifof^ 

more measurements on a mwtur© of blood and rea^nt 

Equipment kits for delamination of an analyte crocenharion m P~t«!^ 
SaguMed Plasma are ,»ovided ^^J^ji^^i^^r^J^ 
identity mark 
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mark, said identification mark is related to said identification mark of said equipment 
Huvudfaxfn teiwn regents have an expiration date which is idenUcal to said expiration date of 

said equipment kxt» 2) a measurement and deieimination device, said measurement 
and determinattott device has an idennfication mark, said identification mark is 
related to said tdentiiicalion mark of said equipment kit, said measurement and 
determination device has an expiration date which is identical to said expiration date 
of said individual equipment ki^. 

Before the ine&ent invention is described, it is to be understood that this invexitiott is 
not Hmited to flic particular practices and embodiments described, as such m^, of 
coarse, vaiy. Tt is also to be understood that die terminology used herein is for purpose 
of describing particular practices and embodimmts only, and not intended to be 
tiimting, since the scope of the present invemionis limited onfy by the a|^>ended 
claims. 

When a range of values is provided, it is understood that each of the intervening 
value, lo the tenth of the unit of the lower limit, unless the contM clearly indicates 
odi«[wise, between ttm upper and the lower limit of diat tnnge and any other stated or 
intervening value in the stated range, is widdn the invention. 



It must be noted tfiat as used herein and in the appended claims* die singular farms 
' V« ''and''' and 'ilw** include phiral referents unless the context clearly dictates 
oflierwise. Thus, f<^ example^ reCerence to ^a reaipni!'* inchidea plurality of such 
reagents and idkx&XG& ^Hhe device^ includes referemes to one or more devioes and 
equivalents thereof known to those skilled in tfie arts, and so fordi. 

Unless defined oflxorwise, all technical and scientific terms used h^reiD have die same 
meaning as commonly ui^erstood by one of ordiiDary sldll in the act to which this 
invention belongs. Although any methods or materials similar or equivalent to titose 
described herein can also be used in practicing or testing the present mvention, the 
pco&ned meUiods and materials arc now described. AIT publications mentioned herein 
are incorpmated herein by refoence to disclose and describe die methods and/or 
mat^ials m. mnnection with wliidi the publications are cited. 



The publications discussed herein are provided solely for their disclosure prior to the 
filing date of the present application. Nothing herein is to be con^rued as an 
admission that tite present invention is nxift entided to antedate such publication by 
vtrtue of prior ntventfon. Furdier, die dales of publicatiop provided may bejhflfereai 
fiom the actual publication dates which may need to be independently confirmed. 

In fhrther describing the subject invendon, tihe subjea methods are described first 
Nh«, a description of thn mbjexit devices^ia provided, iWlowed by a description of 
««lnec* k^t«, wbioK nscUide flw sRibjec* devices 

Methods 

SiAdect methods are practiced either at smaller laboratories or at i^r-imtient sites. 
Depending on the mitieu in which the solsect methods are practiced^ prerequtsitea fiir 
practice of anhject methods differ. Therftfrce^. in. the deswiritrtinn of «!i|iiect methods, 
w1um(tv«>v- JBA ift Tfilfgvsmt^ if wiH be pointed nnt if the nractioe is at a smaller lahoratoiy 
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or at a ncar-paticni siic. Below, infonnadon on the effects of the anticoaguiacion 
Huvudfoxen Kostan process on analyte concentration determination and on blood, required for practice of 

^ject methods, is first stated. Required infbnnation on the behavior of Ihc analyle m 
anttcoagulated blood is next. This is foUowed by a general description of practice of 
subject methods at smaller labor^ries and at near-patient sites, and fiixtber detailed 
description of the subject mediods. 

To deteratine an analyte concentratton in posmlated anticoagulaied plasma, 
infimnation is needed on the eflfects of the anticoagulation process on the Wood. 
Infomiatton is also needed on the behavior of «ie analyte in anticoagylated blood. 

The effects of the anticoagulation process on analyte determination should be 
ne^gable. It is miderstood tibat the intendbd volume of blood and the coiresponding 
volume of anticoagulated blood could be dtfiEeient, as detailed below. Analyte 
concentration determination by analysis of amixture of an intended vohmie of blood 
and an intended volume of reagent should give practically the same result as analysts 
of a inixniie of ^e corresponding volunie of anticoagulated blood and tiic intended 
vohsne of reagent If this is not fee case, it is a serious problem that affects rnuch of 
what is communicated herein. E.g, it jeopardizes the fevoied procedmre of usii^ 
anticoagulated blood or aniicos^ated plaasia, widi known analyte concentrations by 
an accurate laboratory method, to calibrate the analyte concentration detenoiination in 
practice of subject methods. A redesign of die subject mediod under consideration is 
recommended The effects of the anticoagalation process on blood refer to effiscts on 
volume and on hematocrit. This is stiat^itfimvard and will be dealt with below. 

^ iipxacticeofsubj«:tmediods, the aiirfyte may be viewed as beirigdi 

betweesi die cell volume and the plaana volume of anticoagulated blood The concept 
hypothetical analyte volume of antiooagulai)^ blood describes this dtstribotifm. The 
hypothetical analyte volume, Vh, is animated vohune of the anticoagulaied blood 
that contains aU the ana^^ and has die saine analytB concentratton as the 

anticoagulated plasma. The Vh is typi^Uy larger than the plasma vohime of the 
anficoieulated blood because the cell volume of anticoagulated blood has an ana^ 
concentration greater than zero, hi practice of the subject mediods, the Vh is 
determined from propraties of the blood that are eidier known tn advance or 
determined by practice of the subject mcdtods, Hiese properties of blood are vohmae 
and hionatociit, and possibly analyte concootration. The relationship between Vh and 
known or detemined properties of blood is determined separately and is known prior 
to die practice of the inventioD. Widi legaid to the anabrte concentration PT, used as 
an example describing the invention, Vh is established as die sum of die plasma 
volume and 29% of the cell volume of die anticcmgulaled blood, see Example 2. In 
practicing subject methods, the plasma volume and the cell volume of anticoagulated 
are determined by the blood volume and the blood hematocrit. 

In smalls laboiBtory practice of the subject inediods, the intended volume of bkiod 
and the intended vohmne of reagent are allotted with good predsioiL The blood 
volume is the intended Wood volume and reagent volume is die intended reagent 
vohime. Thecoforc, the detennsned blood hmatociit value and blood analyte 
concentration value are die true vahies. The ana|^ concentration in postulated 
anticoagulated plasma is detenmrned fimn the analyte concentraticm in blood and flte 

kagulated blood, as detailed below. 
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In near-patient practice of the subject meibotis, the intmded volume of blood and the 
intended voltune of reagent arc sfil allotted with good precision. The blood volume is 
not the intended blood volume and fte reagent volume is not the intended reagent 
volume. Hence, the detennined hematocrit vahie and analyte concentration value are 
not ^6 true values; therefore they axe referred to as apparent values. To convcit the 
unknown blood volume and apparent analyte concentration to their true counterparts, 
the hematocrit of the blood must be known. Knowledge of the true hematocrit of the 
blood is a prerequisite for near-patient pmctiee of the subject methods. The known 
and the apparent hematocrit values are used to determine ^e true blood volume. The 
true blood volume and true hematocrit arc used to detennine the Vh. The anal^e 
concentration of postulated antiGoaguIaCed plasma is determitied by use of the Vh and 
the determined (apparent) analj^e concentratioflu Altemativeiy, the true analyte 
CfmcentiBtian is detenmned. and the analyte concentmtion in postulated 
anticaogulated plasma is determined by use of this value, the true (known) hematocrit 
and the intended blood volume. 



Tlie word 'intaided*, in die context intended blood volume and intendcMl reagent 
volume, means that diere is an ideal volume of blood and an ideal volume of reagent 
that ate to be mixed with each odier. In smaller laboratory milieus, the intended 
volumes are accomplished. In near-patient milieus, the volume of blood and the 
volume of reagent are perteps wtdiin the range of 50% to 130% of the intended 
values. The range is not necessarily die same for both volumes nor istfie range 
necessarily symmetrical around the intended values. Since the composition of the 
mixture is always, more or less, ill defined, the hematocrit and analyte concentrations 
detennined by andysis of the nuxcure, can always be leferred to as app^^ 
hematomt of the blood and apparent ana^te eoocentcatiim of the blood, respecdvely. 
The question the practitioner of subject mediods must answer is, have d»e intended 
volumes of blood and reagent been accomplished or not. If the answer is no, then the 
hematocrit value of the blood is required for determination of die ana^e 
concenration. In the present descrqstion, smaller laboratory i^raetice of die subject 
nrtetfaoda assumes that the intended vohun^ ace accomplished and near-patient 
practice araumes they are noL 



In practice of the subject methods, variations in the cQmposition of the mixture of 
bk>od and re^etkt are viewed as variations due to vaxiaticms in the blood vofm The 
reagent volome is assumed to be die miended This a8$u3m^ 
determination of the true blood vohune in near-*patient practice of the subject 
mediods. The basis for the assumption is that only the blood concentration in the 
mixture of blood and reagent has an impact on analyte concentraticm determination. 
This is true by two lines of reasoning; One is diat the reagent oonceniration is 
relatively constant at the assay conditknis used. The odior is that reagents are designed 
so diat their concentrations in a reaction mixtures have litde or no impact on assay 
response and, hence, on the deterniituMi analyte conccntratioris. According to die 
invention^ the reagent volume is five^fbld, or more, larg^ than die blood volume. At 
the iimit, the re^ient concentiBticm in the reaction mixture is 5/(5i- 1 ) or 0 .83 (83%). If 
die reagent volume is reduced to 50% of die intended volume, d\e reagent 
concentEati<m becomes 2.5/(2.5+1) or 0.71 (71%). Thus, at the five-fold Mnni, a 50% 
decrease in the reagent volume results in oxdy a 14% decrease in reagent 
concentration. At hj^ier rados of intended reagent vohmtes to intended blood 
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Huvudbucm Kauon effects arc even smaller. In addition, reagents liave an excess of active 

nuvuaicuiBn substances and the reactions in reaction mixtures are hardly influenced by reagent 

concentrations. A deviation in the reagent volume from (he intended vohune will 
Impact on the reaction mixture in dtrec ways. It will change die reagent concentiati on 
of the mixture, change the total volume of the mixture, and change the blood 
concentration of the mixluie. Two of these changes are without impoxtance; the 
change in reagent concentxation and the change in total volume. The only change that 
is of importance is the change in blood concentration. Variations in total volume, of 
die mixture of blood and reagent, deserve a little more attetittoiL In Aeoiy, die total 
vottmic does not influence an analyte oonoeaDtraiion determination. A small volume 
and a large vohmoe have the same analyte concentration provided the composition is 
die same, in pracdce, however, there are limits. At very large volumes, the container 
will ovcr-lHow. At very small volumes the measmraients catmot be performed. The 
limits, within which the total volume may vary, without afEecting die determinations, 
mnsst be established for eadi individual method of the sul:y ect methods. 

The two or more measurements thai are performed on the mixture of blood and 
reagent can be of any kind encompassed by prior ait. The measurements cmi be 
electromagnedc, electric, magnetic, rheologic, calorimetric or ^ichiometiic. The 
electiomagnetic measurements inclode measurenmiu of all »iits of electromagnetic 
radiation; viaiblc* ultraviolet, infrared light, microwaves, radiowaves etcetera. Electric 
measurements include measurements of all scms of electrical phenomenon such as 
resistance, impedance, potential, ciirF»it and capacity. Stoichiomctiic measures 
include all sorts of counting; cell counting* and ladionudide dismtegratioa countiqg 
etcetera. In pre&ned pracdce, cme measure is selected for ea^ analyte, hut fins is in 
no way necessasy. Two optic measurements, e.g. measurements at two wavelengdis, 
may be linearly combined to obtain two analyte concentration determinations. Two or 
more measurements are needed to determine two analyte concentrations and three or 
more are needed to detemiine three analyte cmicentrations and so forth. In a cuzrmit 
of subject methods* one optic measurement and one riieologic measurement 









Mm 



and die iheologic measuresnent to determine FT. With the rfieologicBl measurement a 
clotting time is determined. A clotting time could be used to determine any 
coagulative anaJ^ concmtration such as activated partial prothrombin tjiwa (APTT) 
or activated coagulation time (ACT). 



In the subject metfuxis, the phrase *analyte ccmcraoinction' pertains to any property of 
matter that is related to the number of copies of some observable or imaginaiy entity 
per unit of volume, Analyte concentnition is thus stoicfaiometnc in nature. Analyte 
concmtraiion detennination in blood is related to determining the number copies of 
such otities per unit voIurm of Mood. If die blood is diluted flic analyte concentration 
falls. This does not necessarily aj^ly to die analyte concentration by a given 
e7q>ress{oiL Analyte concentration by a given expression is not necessarily 
proportional to a concentration of some observable or imaginaxy entity. An example is 
acidity. Acidity is an analyte concentratian related to the number of xmagiiied ioti» 
per unit volume. Acidity is commimly expressed in pH. Acidity by pH is clearly not 
proputticmal to conoentration of H*' ions. An ana^rte concentration by a non- 
propCHtional eiqnression can be re-exprtssed to become fooportionaL For example, 
acidity by pH can be re-expressed as acidtty by 10 to the power of -pH, to perhaps 
become proportional. Another exaoQiIe of anal^ concentratiQa is prodnrombin t™^ 
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Huvudfown KaSKin (in). This aualyle is related to the concentration of coagulation iactoi9» paiticulariy 

coagulation factors n» VIT and X. Commonly used cxpnsssicms of FT are clotting time 
and INR. Cxprcs^d by clotting time or by INK, the P T concentration is not 
proportional to the concentrations ofclotting iactois. For practice of subject methods* 
it is of importance thai hcntatocht is by proportional expression; other analytc 
concentrations determined in praciice of ^e subject methods may be expressed by any 
e^qpression, proportional or not. Cextain deteimination procedorcs disclosed heiein 
require that the analytc concratrstion bo by propoxtional expression. To ascertain ^hat 
an analyte concentration is by proportionid ox]»essxon is should be checked that the 
determined apparent analyte concentration is proportional to the blood concentration 
in the reaction miictiire. The experimental data in T^le 1 allows such a check on 
hematocrit 



In near^atient practice of Ae invention, analyte conmitration by proportioiial 
expression allows straiglitfonvard determination of analyte concentration in blood. If 
the apparent and true anaiyte concentrations in blood are At and Aa, respectively, and 
die Apparent and true (known) hematocrit are HCTa and HCTt, respectively. The 
following applies! 

Al«Aa*HCTt/HCTa Equation 1 



The true analyte concentration in blood and the true hematocrit axe sufficient to 
determine the analyte concetration in postulated anticoagulated blood, since the blood 
volume then can be assimied to be dio intended* 



If the analyte concentration is not by proportional expression, the calculation may 
proceed by detemiining the true blood volume accordmg to the following equation: 

Vbt-Vbi*K*R/(R-K+l) Equation 2 

The true and intended blood volumes are Vbt and Vbi, respectively. K is the ratio of 
HCTa to HCTt, and R is the ratio of ^e intended reagent volume, Vri, to ih& intended 
blood voIuni6y Vbi. 



To check if an analyte concentration ts by proportional expression, the blood 
concentration in die mixture of blood and xe^gent is needed. This, and other 
concentrations in the mixtore, can be determined with the following ecpiation: 



X-<Q^Q^Ry(C^«) Equation 3 

In Equation 3, R is VriA^i, as in Equation 2, and Q ts VbA^i. Equation 3 gives 
normalized concootration values, i.e. c<mccntration values that are unity (1 00%) when 
Q is one. Equation 3 infozms that X is e^id^ to^Q when R goes towards infinity. 
Equation. 3 is handy m calibration of hematDciit by allowing the use of various 
volumes of a fow calibiator blood bamples wcofver a wide range of hematocrit values^ 
see &catnp1e 1 . In currently invored pmcdce of subject methods, R is 35. At this 
condition the dififonence between X and Q is pronounced only at higher Q values. 



One goieral way to determine an analyte concentmtion in postulated anticaogidi 
plasma, App^ is by use of die concept hypothetical analyto volume. Vh, detailed 
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l>elow. The zmatyte concentration in blood is deicrmined with respect to the analyte 
concentration in onticcagulated blood expressed as analyic concentration in 
anticoagulated plasma. To do this, Ae analyte conceniration detenntnaticm Is 
calibrated using appropriate volumes of aniicoagulatod blood calibrators with known 
anal3rte concentradoos in Iheir anticoagulated plasmas. These calibrators have a 
known mean hypotheiical analyte vohime, VhsL The appropriate volume of calibrator 
is the intended volume of blood after subjection to the postidated anticoagulation 
process. The dependence of the determined analyte concentration on the Vh is 
established as the dtfleicntial dA/dVh. The analyte concentration in blood* Ab, and its 
Bssooiated Vh is deteimined. lite desired analyte concentration in postulated 
anticoagulated plasma, App» is obtained by: 



App=AlH-/(dA/dVh)*dVh 



Equation 4 



The integratioii is from Vh to Vhm. In Example 3, App is determined according to 
Equation 4. In the example, the differential is approximate by AA/AVh, i.e. by 
macroscopic change in A» (A2-A1) divided by the macroscopic change in Vh« (Vh2 
Vhl). 



An analyte concentration is« to seme degpee^ dependant on the method useid in its 
determination. Because of this, a characteristic p rop ert y of the metfiod is often 
indicated An example is the analyte concenlxation hematocrit. Hematocrit may be 
detennined by measuring the volume of blood cells, or by measurmg li|^. Dependmg 
on the method used, the analyte concentration may be referred to as volumetric 
hmiatocrit or photometric hematocrit, respective]^. If nothing is said about the 
method used, the tnteipretation can be eidier broad or narrow. A nanow interpretation 
is that a reference method has been used. A broad inteipretation is that any known 
method has been used In the subject methods^ the phrase *an analyte concentration' 
should be inteipfeted in tlie broadest^ most non-limiting wvy. In the context of the 
subject methods, the phrase 'analyte concentration in postulated anticoagulated 
plasma* refers to the analyte concentration that is obtained, by axxy method, if the 
blood is subjected to a postulated anticoagulation process and the analyte 
conceiitiation is detennined in the anticoagulated plasnia. hi prefened pm 
subject methods Qie analyte concemcatiQn in fte anticoagulated plasma is detennined 
by an accurate laboratmy method. The analyte concentration in postulated 
anticoagulated plasma, determined by practice of the subject methods^ is not 
necessarily identical to this value, llie spirit or gist of the subject methods is» diat the 
value obtained by detenomation of analyte concentration in postulated anticugulated 
plasma is close to the vafaie that would have been obtained if detmninatzcm had 
actually been performed on the antico^ulatcd plasma. 

In the subject methods, hematocrit is detennined by any method known to capable of 
determining hematocrit. In pveferred practice the hematocrit is determined 1^ 
measurament of tronsmitced li^it with waivdienglhs in the mngc of SOD nm to 1100 
nm. The hematocrit determination is calibrated with blood samples with known 
hematocrit values. The hematocrit values are known by an accurate laboratory 
method. 



n?AN:F^YI1ERUTUECKLING SJOBftC"* 



013 67073^®^ 



22 Dec. 2803 15:50 



Wt t Patent- Orfl Hematocrit and Anaiyic Conccnlvaiioii Deicrmination XVII Page 1 3(2 1 ) 

2003 0 2 

. the subject methods, the phrase *ihe cfibcts on blood volume aitd hemalocrit of the 

rHiVUOfCMen Kosiaripojmilated anticoagulation process' pcnains to typical, or average cfTects of the 

process. 
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Three types of anticoagulation processes are commonly used m clinical diagnostic 
method, anticoagulation widi EDTA, heparin or citrate. Two of these processes, 
anticoagulation with EDTA and anticoagulation with heparin^ have only minute • 
effects on blood volume and hematocrit. The citiato anticoagulation piocess, as 
commonly practiced, has pronounced effects. Tlie typical citrate antico^ulation 
ITOcess GunBi&ts of adding one vohmie of 0.1 1 M or 0.13 M tri-sodium citrate to nine 
volumes of blood. This affects the total blood volume and the hematocrit The citrate 
solution is hypertone and shrinkage of blood cells is expected, and may need to be 
taken into accoiuitif citrate anticoagulation applied to blood with a volume Vb and a 
hen:iatoait HCT, the vohtme of anticoagulated blood and ita hematocrit Vbdt and 
HCTcit, respectively, are given by die following: 



Vbcit=Vb* 10/9== 1 .111 * Vb 
HCTcit=HCT»9/10aHCT/l.ll 1 



Equations 
Equations 6 



The plasma volume and the cell volume of the postulated anticoagulated blood, Vpcit 
and Vccit, respectively, are given by: 



Vpcit-Vb*(l.lll-HCT) 
Vccit=Vb»HCT 



Equation 7 
Equation 8 



If x% shrinkage of the blood cells is known to occur, the hematomt decreases by x% 
and the vohmie of the plasma increases by the volume the cells have dnunk. 

Ill preferred practice of die invention, the detennination of analyte concentration in 
blood is calibrated with the appropriate volume of anticoagulated blood calibrators 
with known aoalyte concentrations in tfair anticoagulated plasma. In the califan 



procedure, a h ematocrit value is obtamed fiir the concesponding blood of each 
calibrator ftom which die hematocrit of the calibratorB can be determined This 
hematocrit allows determination of die hypothetical analyte volume of each calibtaxoi 
as detailed below. For example, if a subject mediod is to be perfoxmed with an 
intended blood volume of 10 |iL and an intended reagem volume of3S0|iL and the 
postulated anticoagubtion process ia citrate anticoagulation, the method is calibrated 
by use of 1 1 . 1 1 |iL of citrate anticoagalated blood, according to Equation 4. An 
^ppBx&xt hematocrit of die calibnitor is obtained Since 11.11 (iL has been used 
instead of the intended 10 |iL, the hematot^ of the calibrator is very nearly the 
apparent immatocrit divided by 1.11 1. For best accuracy die apparent hematocrit 
should be divided by die normalized concentratton of Equation 3. Insetting a Q of 
1.111 and R of 35 results in a nomaalized concentration, die X value, of 1.108. 

Determination of die hyp<^eticai analyte vohime requires infimnation diat may be 
cibtained fay separate experiments. The hypothetical analyte volume, Vh, of 
antico agul ated blood is a vohune diat contains all die analyte and has die same 
concentration as the anticoagulated plasma, hi preferred practice of the invention, the 
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model for Vh is ihc sum of the plasma volume and a firaction of the blood cell volume 
HuvuOTttCOn KBBSan ^f andcoagulatcd blood. If the fraction is b and the volume of anticoagulated blood is 

Vab, hematicrit of anticoagulated blood is HCTab> Vh is given by: 



Vh^ Vab*( I -I ICTab+b*HCrab) 



BquadQii9 



For citrate anticoagulation, Vab and HCTab are obtained from the blood volume, Vb, 
and the blood hematocrit, according to Equations S and 6. The fraction b is 
established in separate experiments. Example 2 describes such experiments with 
citrate anticoagulated blood and the analyte concentration PT. In this case b was 
found to be 0.29. 

If the detemrination of the ana^e comcCTUiation fn blood has been calibrated with the 
appt x> pri aie volumes of anticoagulated blood calibrators with icnown analyte 
concentrations in anticoagulated plasma, as described above, the detemunation of 
anal3rte c<mceniralion in blood, Ab, equals the analyte concentration in postulated 
anticoagulated blood provided the Vh is equal to die mean Vh of the caJibrstOTs, Vhm. 
If Vh differs finm Vhm, and the analyte concentration is by p rop orti onal expression, 
die analyte concentration in postulated anticoagulated plasma, App^ is determined fay 
the following expression; 



App=Ab*VbmA^ 



Equation 10 



The desired result^ App> is thus convenientfy obtained if the analyte ooncentrntion is 
by proporttanal ejqiression and the concept of hypodietical analyte volume has been 
filled widi meaning. If the analyte ccmcentratinn is not by proportional expression it 
may be re-e^qsressed to become proportional. Equation 9 can then be applied after 
which, if so is desired, Ute analyte concentration can again be re^xpressed into the 
OTiginal expression. The above described procedure to obtain the analyte 
concentialion m postulated antko^iulated blood is just an example of one of many 
possible procedures by which the analyte concentration in postulated anticoagulated 
plasma may be obtained, by practice of subject methods of die inventiocu The practice 
of &e subject methods results in determination of blood hematocrit and blood analyte 
concentration by some expression. It is obvious fiom die above that die mode of 
esqxressionis dependent cm the calibration procedure and the calibrators, Whatevra'the 
expression, pmctice of die subject mediods of the invcntiQn provides the basis 6rom 
which the analyte concentration in postulated anticaogulated plasma may be 
determined. 



It is important to note, that aproportumal expression can always be obtained ova- 
some anai^te concentration rao^. The malyte concentration of blood, or b^ter 
anticoagulated blood wf ih Icnown analyte concentration in plasma, is alw^s avaiUble 
in some e>qmsston or a procedure to detemttne die analyte concentration in 
anticoagulated blood is meaningless. By varying the volume of anticoagulated blood 
and plotting the aniicoasulated blood concentration, the X of Equation 3, agamst the 
analyte concentration expression, die anticoagulated blood concentratt^m can be 
expressed as a function of die ana^rte concentration by the given expression. In the 
analyte concentration range which includes the anticoagulated blood concentration 1 
and where die anticoagulated blood cmicentration either rises or ftUs continuously 
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^ivith the anaiyte concentration, the function of the anaiyte concenration is by 
Huvudfoxtf n Kdtf^on definition a proportional expression of the anaiyte concentrarion. 

In smaller iaboiatoiy practice of subject methods, the blood volome is Icnown, 
because it is the intended blood volume. The detoimuied apparent hematocrit and 
apparent anaiyte concentration are the true h^iatocnt and true anaiyte conceniration, 
of the blood. By these true values of die blood, the anaiyte concentration in postulat^ 
antico^;aIated blood is determined. In prcfi^rrcd practice of the subject methods^ the 
mdiytc concentration determination is calibrated with anticoagulated blood cdibraiois 
vdlk known anaiyte concentration m Oieir anticoagulated plasma, as determined by an 
accurate laboratory method. The hematocrits of these calibrators are detnmined in 
connection with the calihratton. The mean hematocrit of the calibrators and the 
hematocrit of the blood are thus known. By use of the determined anaiyte 
ctmeeniration of the blood, the hemaocrit of the blood and the mean hematocrit of tbe 
caHbrators, tfie desired analyto concotxtrntion in postulated anticoagulated blood is 
determined The concept hypothetical anaiyte volume is useful in d^c dctetmination. 
There are innumerous procedural alterations by which the desired result may be 
€>btained from the blood hematocrit and the blood anaiyte concentration. To give an 
idea of the possibilities, examples are inrovided. Odterwise^ the information required 
to convert known anaiyte concentiatioo and hematocrit of blood Into anaiyte 
concentration in postulated anticoagulated plasma can be in many forms, e.g. in the 
form of tables or in the form of two variable functions. 



hi near-patient practice of the subject nteifaods, die detennination of anaiyte 
ccmcentration in postulated anticoagulated blood is performed in a similar as in 
smaller laboratcoy practice. The difference resides in the foct foat intended volumes of 
blood and reagem caimot be accomplished. Because of this the composirion of the 
mixture of blood smd leagent is ill defmed. To compensate for this mtp^fection, the 
h^natocrit of the blood must be known. Vfith die known, or true, hematocrit, HCTt, 
and the determined at^arent hematocrit, HCTa, the true blood volume is deteraiined 
by use of Equation 2. With Oie true blood volume and xhs true hematocrit value and 
Ae coiiesponding (apparent) anedyte concentration, the anaiyte concentration fn 
postulated anticoagulated plasma is detenninsd. A prefenred wsy to perform the 
determination is by use of the concept faypodietical anaiyte concentration as described 
above. As pointed out above, there are numerous ways to perform the operation. 
Equation 3 presents one possibility; tables and multi variable fhnctions are others. If 
the anaiyte concentration is by prapovtional mpiession^ the determination of anaiyte 
concentmtion fn postulated anticoagulated pla^na is straightforward. Equations gives 
the true anaiyte concentration. The tme anafyte concentration value, the true (the 
intended) blood volume and tme (known) hematocrit are used to determine the 
desired anaiyte concentration of postulated anticoagulated blood, by use of Equation 9 
and &e concept hypothetical anaiyte volume. In near^patiMt practice of die subject 
methods of foe invntion, determination of apparent beiiiatocrit and apparent anaiyte 
concentration by two or more measuremeitf on the same mixture of blood and reagent 
is crucial. The conunon mixture links foe apparent hematocrit value and foe apparent 
anaiyte concentratian value, which makes 1}»b desired detsnninatiou possible. Apart 
from being necessary, the determinations are convoiient to perform. 

There are many medical diagnostic andyte concentrations suited for determination by 
the subject mefoods. These analytcs concentrations include* but are not restricted to. 
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#ifav« Koftsan ^^'^Vt* concentrations of a group of anatyte concentrations comprising prothrombin 
Huvucitoxen (P'O- fibrinogen, fibrinogen degradation products, f>dimcr, activated partial 

prothrombin time (APTT), C-reactive protein (CRP). cholesterol and glucose. 

The postub&ted anticoagulated plasma is to be interpreted in a broad ^nse. It includes 
all types of non»coagulating fluids obtained from blood, which arc used as samples for 
detennination of analyte ^nccntrations. Said fluids are contained in the following 
group of fluids^ but are not restricted to membersSup in tiiat group. The group consists 
of senim, hepariniscd plasma, iiinidinized plasma, oxalated plasma, citrated plasma, 
iso^txalcMl plasma, EDTA'-plasma and heat-treated plasma. 

In practice of the subject methods, the postulated anticoagulation process, to ^ich 
the blood may be subjected, includes addition of an anticoagulant selected finom die 
gnnq> of antkoagulanis composed of 8odium> potassium and lithium salts of cinate, 
isocitxate, EDTA, oxalate, heparin and hkudyn. 



It is construed within the subject methods, that the two or more me^urements 
perfonned on a mixture of blood and reagent are perfbrmed at ambient tempemture in 
the ran^ of IS'' C to WC. To accomplish this, calibration is pofbrmed at several 
tempemtures within the mentioned range and die calibration paiameters ar^ 
established as functions of temperature. 



In smaller laboratoiy practice of the subject methods, apait fiom die desired analyte 
concentration in postulated anticaognlated blood, the hematocrit of the blood is 
obtained This hematocrit value may be used to increase the reliability of the analyte 
concentration detennination. The value may be compared with reference values or 
with previously determined values. If die hematocrit value is uoreascmable, this may 
be used as a crfteriim to disqualify the analyte concentxation detennination. 

At die near-patient sxle, most of die infimnalicm contained hi die known hematoerit 
value is consumed tn defining^ the vohnne of blood mixed wtdi the intended volume of 
reagent and/or die true analyte concentration. Yet, some limits may be established on 
the maximal difference between HCTa and HCTt. Such limits may be used to increase 
die reliability of the analyte concentiBtion detenninatsoD. A differences exceed the 
limit could disquaUiy the analyte concentration determmation. Also, repeated 
determinations over time, can give indications dtat tke hematocrit of the patient has 
drifted, and in need of a renewed deteimination. 

PT is an analyte concentration that can be determined in the postulated anticoagulated 
plasma by practice of subject m^faods. PT, expressed in INR, is determined by (me or 
more measurement on a nrixture of blood and rea^^t The determination may be 
facilitated by re-expressing PT by the non-proportional expression INR, into PT fay 
the proportional eiqtression PT%. This can be done with tte equation 
PT%=1/(INR^0.028-0.018). The PT%{n postulated anticoagulated plasma is then 
detennmed some chosen procedure. Mor to reporting the PT in postulated 
anticoagulated pbsma, PT by PT% may be re-expressed into PT by INR. This is done 
by use of die inverse of the mentioned function, 1NR-[(1/PT%>H).018J/0.028, The re- 
expression of PT is not necessaiy. In preferred procedures of practidng the invention, 
re-expression of PT is not perfom^ The PT in populated anttcoagnlated plasma is 
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IrtL t Pateril- OCh rea VeM ^^^^^^^^^ ^ p j blood hematocrit. Such a procedurc may 

2003 ""^^^ ^ ^ preferred because iliey involves fewer calculaiions. 

Jlexan KosiQ" theme of the present work 19 to adapt well performing wet-chemistry procedures 

to the needs of near-patient testing. By definition, wet^chemistry determination 
requires that the sample is diluted in the reagent In ail practice of subject methods, 
the sample is blood and the minimal dilution is five fold. To determine hematocrit by 
light transmission, ifilution of the blood is necessary to avoid short optical path 
lengths. Short optical path lengths means small inner dimensions of die container for 
the tnixture of blood and reagent, ^lich disturbs practice of die subject methods. 
Intended practice of subject methods hivolves manual steps, e.g. the contacting and 
mixing of blood and reagent, and the dimension of sample container must 
accommodate this. Inner dimensions of the container smaller than 4 mm make die 
manual steps impractical or even impossible to perform. In preferred practice of 
subject mediods^ a tubul v container mth cveular cross section of 8 mm is used. 
Acceptable cross^secticms, i.e. iigfit padis. in lobular containers are in die range of 4 to 
16 mm. Also to volume of blood samples its practical limits. The intended source of 
blood in practicing the subject methods is a pricked fingertip and die blood is to be 
picked up manually and transfeired to the reagent, inside the container. The blood 
sample must be in the range of 5 ^Lto40 fiL. The dimensimis of the container and 
ratio of reagent volume to blood volume limits blood volume to the range of 1 00 
to 1 100 pL. As will be explained below, only light within a limited wavelength span, 
range of 800 to 1 100 imi, is acceptable. In most p r ef en e d practice, the cross-section 
dimenfiicma of the tubular container is in the range of 5 mm to IS mm, die blood 
volrnne is m die range of 5 mL to 20 mL, die reagent volume in the range of ISO \CL 
• to 600 pL. 



ia preferred practice of subject mediods, hema^rit is determind by measuring the 
intensity of light transmitted through a mixture of blood and reagoit In cumndy 
most preferred practice, the intensity of lig|it transmitted through the reagent alone is 
also measured, and hematocrit of die blood is determined fiom die quotient of die 
measured intensities of light transmitted tbrou^ die reagent and of li^t transmitted 
duDi^ die mixture of blood and leagient. By this prefcixed practice^ esqierimental 
fluctuations tend to cancel. Source of fluctuaticms may be die light scnirce, die optical 
properties ofthe reagent or the optical properties of die container. In preferred 
practice, the wavelengdi of the light is in. the range of 800 nm to 1 100 nm. This hght 
is in the near infrared part of the l^bit spectrum and can hard^ be detectable by the 
human eye. Light in this waveieiiglh range is prefmed because it is absorbed by 
oxygen satumted and oxygen depleted fetms of hemoglobin to about equal, and 
relatively small, degree. Low absorption is iniportant because it allows use of 
relatively long optical path lengths, e.g. 8 mm, the diameter of the transparent plastic 
tubes used as containers in the currensly most preferred practice of the invention. At 
wavelengths above 1 100 nm, die light ab sorption by water incieases dramatic to make 
optical determinatim of hematocrit difiieidt At wavelengdi bdow 800 nm, in fhe 
range of 600 nm to 800 nm, the two mentitmed &rms of hemog^obm absorb 
differcndy whereby a souice of error is introduced. At still shorter wavelengths, light 
absorption by hemaoglobin is veiy strong. This either precludes die preferred optical 
path lengths of 4 mm or more, or necessitates excesrive dihitioo of blood in reagent. 
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in practice of subject methocLq, the mixture of an intended volume of blood and an 
intended volume of reagent can be accomplished in mmy difierent ivays. It is 
conceived within the scope of the invention, that the blood may tixst be diluted, e.g. in 
9 2fL sodium chloride, and then mixed with the reagent. Alternatively, the reagent 
may be in several components^, e.g. a first component, a second component etc. In the 
practice of subject methodS:. it is the final ratio to reagent volume to blood viome that 
is of importance. Hie contacting of blood and reagent is when die last component 
necessary for the reactfons between blood and reagent, is added. 

Prothrombin time (PT) is an analyte concentration that may be determined in 
postulated anticoagulated plasma practice of the subject methods. Inprefen^ 
practice the {btlowing applies. The contacting of blood and PT reagent signifies the 
acUition of die last component necessaiy for the coagulation reactions to commence in 
a mixture of blood and PT ivagent. The concacing defines die start of the clotting 
reactions and the stait of time measurement When clotting is first detected, die time 
i&easiireDraiit is stcqiped and the clotting tim is obtamed. It is conceived that ai^ of 
the mediods used to deteonine clotting time, according to prior ar^ can be used to 
determine clotting time in practice of die invention. These methods include detection 
of clotting by rheologcal, mechanical and optical means. In preferred practice, the clot 
is detected by hooking. Clot detection by this mean allows simple autonoation of clot 
detection. When the clot attaches to the hooking rod and is removed Urmt where the 
beam of light passes through die container, the intensity of li^t reaching die detector 
increases dramatically. This siege in light intensity is readily detected and can be used 
to automatically register the clotting time. It is preferable to calibration of a PT 
determination with anticoagulated blood widi known plasma INR values. It is 
preforred, that the plasma INR values are by an accurate Owren PT laboratoiy 
method. Plasma INR values by a Quick PT lobcmtoiy method may also be used, but a 
greater number of samples are then required to obtain comparable accuracy. 

Devices 

Measurement and deteixnination devices for performing subject mediods are provided. 
Subject devices contain, 1) a data processor, 2) a read only memory, 3) calibration 
data for hematocrit, said hematocrit calibration data stored in said read only memory, 
4) calibiatxoA data for said analy te» said analyte calibration data stored in said read 
only memoiy, 5) means of peifonning two or more measurements on mixture of 
Mood and XMgenL 

The data processor will perform aU calculations necessaiy to determine the blood 
hematocrit^ a blood analyte conceniratioa and the analyte concentcation in postulated 
anticoagulated plasma. The calibr^on data necessaiy to determine the blood 
hmiatocfit and a blood analyte concenlrati<»i aie stored in a read only memory 
associated with processor. The read only memoiy is a functional read only memory in 
die sense, diat an operator cannot alts' what is stored in the read only roemoiy. Only 
the manu&cturer inserts data into the read only memory. One kind of data can be 
entered by the user, or by personnel of medical center to which die user is associated. 
The data concerns the blood of an individual the identity of the individual to which 
he blood belongs and dates and information of time and places. 
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A preferred embodiment of sabjeet devices featuies a coatainer holder inlo which a 
Hwvwdfcwin Kawan j„bular container with a mixture of blood and reagent is inserted. When in position, 

flic longitudinal axis of the tubular container and die direction of the earth's 
gravitational force xvill form an angle in the range of 25 to 65 degrees. In preferred 
practice, the container is a plastic tube in which dotting time can be measur^^ by 
hooJdng. When the dot attaches to the hooking rod, it is more easily moved if die 
container is slanted. The clot needs only to be hfted a fraction as high against the 
earth's gravitational field as would have been the case if the container were 
perpendicular. This makes for a more reliable manual or automatic measurement of 
clotting time. In prefiBired embodiment, Ae tubular container is slanted 25 to 65 
({ggr^g compared to &e direction of the eardi*s gravitational field. 



Kits 



An equipment kit for determination of an asalyte concentiation in postulated 
anticoagulated plasma is provided Subject kits are individual marked with on 
identification mark, which indicates ^ lot to which the individual kit belongs. 
Subject kits contain reagents and subject devices. Each kit of subject kits contains 
reagents to perform subject metfiods. Eadi container of reagent in a subject kit has an 
identificatjon mark diat is related to identification mark of flic sutgect kit Each of the 
subject kits contains one or more subject devices. Each sui>|ect device in one subject 
kit has an idenification tnaik that is related to die identificaticm mark on the subject 
Idt Each individual of the subject lots has an expiration dat^ &e same expiratioQ date 
applies to leagents and subject devices that are contained in the tiidividiial subject kit. 
In this context, 'related identification marks' mean that the identification marks have 
somediing m common. The identification mark may be identical, or diey may share a 
common feature that indicatea that they bel(mg together. The identification mark of 
the kit ts its lot number, or its functional equivalent Related identification matte 
could be the same lot number, or fonctional equivalent^ as that of the kit, or a lot 
number, or fimctional equivalent, that contain an identical string of digits and letters, 
or Ac like, to indicate diat die idailificatton marie of the kit and tihat of the reagent and 
that of subject device constitute a unit that should be used together. The related 
identification could even be totaHy difiEerent, and be linked only via iniorniation 
indicating that they arc Unked. This information could be manifested m a register to 
which the usw has access or be indicated on die kit or inside the kit, e.g. on the 
instructions of use. The related indentification mark could even be purely fimctional. 
The device wiU only functitm wifli reagents of the same kit lot as tiie device. 



The kit has an expiration date . The same expiration date applies to reagents and tlw 
device that are part of diat kit When the expiation date is passed, die kit is not to be 
used, nor the reagents and the device. 

The fonction of the related identification marks and die common expiratton date is to 
assure that the device has undergone maintenance, i.e. has been checked wifli regard 
fimctionaUly, widiin some defined period of time. The device has mutegone a quality 
assunmce procedure atlhe time whendie kit was released tor 
manufocturer From that tune and until the expiration date, die device may be use^ 
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Huvudfaxon KOMon-ji^^ subject device lias a read only memory in which calibration data for the 

detenninatioii of hematocrit and an analyce concentration usug the leagents which are 
a part of the same subject kit as the subject device. By this mechanism, die subject 
device and the reagents have been calibrated together. 

The subiect kits have the property of allowing that a periodicly maintained subject 
device is used together with reagents that have been calibrated together. This is, 
reliabili^-enhancing measures, typical of larger laboratories, arc installed at near- 
patient assay sites. 



A use of subject kits is envisaged tfiat involves mteraction between oear-patiCTt assay 
sites and smaller laboratories, the latt^ including siibdivistons of laiger laboxatoiies. 
A first practice of subject methods, using subject devices and reagents of subject kits, 
on the blood, or anticoagulated blood, of a certain patient, is at a smaller laboraUHy. 
>^part firom the analytc concentration in postulated anticoagulated blood, the practice 
of subject methods at a smaller laboratory site also yields tfie hematocrit of die blood 
of the patient. This hematocrit, together widi the patient's identity, the date and the 
time of day, is entered into the memoxy of the subject device. The subject kit is 
thereby ready for near-patient analysis of an analyte concentration of that patient. 
Near-palient analysis of the bloody of the patient in question, will allow determination 
of anafyte concentration determination that hardly af&cted by an inability to precise]^ 
aUot volumes of blood and reagent, provided tiiat changes in hematocrit are moderate. 
Typically, except at situation of heavy bleeding and blood transfusions, changes in 
hematocrit are slow. The hematocrit of a given individual tends to be stabile over 
time. To check the hematocrit, and for other reasons, periodic interactions between 
die practiti€ttier of the subject mediods and the smaller laboratory is recommended. 



LEGENDS TO THE FIGURES 



Figure 1. Deteanination of hmatocric. Blood hematocrit (HCT) is plotted against the 
light absorption, i.e. the quotient of light transmitted diiou^ only die reagent <Io) and 
through a mixture of blood and reagent (I). The data is from Table 1 . The filled 
squares are firom addition of 10 pL of various blood widi known HCT to 350 pL of 
PT reagent The filled triangles are fiom additions of various volumes of a blood with 
a known HCT of 44.0% to the same. 



Figaro 2. To establishing the cell volume fraction, tlie b m Equation 9, of the 
hypothetical analyte voliune of PT, the di£Eb:ence between determined postulated 
anticoagulated (dasma INR and known antjcos^^lated plasma INR as a fimction of b, 
was ccmsidered far two groups of anticoagulated blood samples, a low UCT groi^ 
(filled trian^es) and a hi^ HOT group (open scpiares). The difiference is viewed as an 
error in the detennination according to subject methods. At a b vahie of about 0.3, the 
etror for both groups is at a minimum The hypothetical analyte volume in 
anttcoagulflied blood is established as the sum of the plasma volume and 29% of the 
cell volume. 

Figure 3a. The PT of anticoagulated blood, expressed as the IRN of the anticoagulated 
plasma, is detomined according to prior art. The dotting time of mixture of 
anticoagulated blood and PT reagnent is detmniiied. A set of 40 samples of 
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^ auticoagulaled blood, all with known anticoagulatcd plasma INR. The set is devided 

H«VtfcJf«»rt Ka«an i^vto three groups; a low HCT group, a high HCT group and a median I ICT group. The 

median HCT group were used as calibrators. The detemuned blood INR is plotted 
against the known i^asma INR and subjected to linear regression analysis. The low 
HCT group shows a low blood INR (filled squares), the high HCT group shows high 
blood TNR (filled triangles), and the median INR group shows intermediate blood 
INR (open circles). 

Figure 3b. The FT of postulated anticoaguiated plasma is detefsnined according to ttie 
invention. The same set of 40 samples of anticoaguiated blood widi known 
anticoagulate plasma INR are analyzed. Two measurements, clotting time and lig^t 
absorbance^ are made on each mix&ire of blood and PT reagent. The clotting time 
vahxes and die subgroups are as m Figure 3a. The determined PT by INR in postulated 
anticoaguiated plasma is determined and plotted against the known PT by INR of 
anticoaguiated plasma. All three groups show about the same INR values in 
postulated anticoaguiated as in anticoaguiated 



Figure 4. A schematic drawing of die cunently fiivofed emibodtnient of a 
measurement and determination device, according to the invention, is shown. The 
drawing features; lA) a side view of the container, a 10 mm in diameter polystyrene 
tube, inserted at an ai^Ie into tbe container holder of the device, IB) a top view of die 
container, with an opening for adding Uood, mixing blood and le^nt, and hooking 
to detect clotting- 2) a <aoss section of die beam of li^t from the 940 nm LED, said 
beam passes throu^ the container walls and its contents to reach a pbotodiode 
detector, 3) a cavi^ in the container hoid^, surrounded with model doug^ diat 
extmda to the exterior, said cavity haibors a thermistor for measuring the ambient 
room temperature, 4) a block of wood with holes drilled to Ann the container holder 
and the light paths, 5) a button of an electric switch which the operator inte^cts with 
the device, ie. initiates lifi^ measurements, start and stop die timer, and initiates 
calculations and accesses determined values, inside the instrument are a 9 V hattety, 
electronic ciicuite and a progranuuble integrated conqrater, a PIC. The PIC tnteiacts 
with the liquid oystal display (LCD) to interiphase with the operator. The PIC 
measures time, makes analog to digital conversicms of measured light intensides and 
of temperattne. The PIC also makes all necessaiy calculations to determine the PT of 
Mood in postulated anticoaguiated Uood according to the invendon. 
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EXAMPI.HS 

f . Materials and method!; 

A measurement and detemimation device, a subject device accordtng to the invention 
was constructed. For a schematic drawmg see Figure 3. The device has a container 
holder in which a container, a 10 mm outer diameter, 63 mm in length, polystyrene 
tube, can be obliquely inserted. When inserted, about 22 mm of the bottom cad is 
inside the container holder. Inside the sample holder, about 8 mm firom the bottom of 
^e inserted container, a beam of lifijbt, from a light enotting; diode (a 940 ran LED, 
Evetli^t IR204X is directed, perpendicular to the inserted container, along one of its 
diamueters, towards a photodiodc detector (a 900 mn peak sensitivity photodiode, 
Infineon SFH 2030F). The photodiode is conuected to an operation amplifier 
(between pins 2 and S of a light to voltage converter, Burr-Brown OPT 101, wiA its 
optical area blackened). Amplifier applies a voltage, proportional to Ae intensity of 
the incidCTt light, onto a 10-bit analog-digital converter (A/D converter) input of a 
piognmnnable integraied computer (Microchip PICI6F873-201/SC)). A digital 
representation of the voltage* a measure of light, is displayed on a liquid crystal 
display (LCD, Seiko I,167100J). The device has button with which Ae operator 
interacts with the PIC and its software. A press of the botton moves tifee processor 
activities from one part of the software to another or start and stops activities. In one 
part of the program, the botton will start and stop a timer function of the PIC, which 
determines Ae clotting time. There is circuitry for delivering a voltage propordonal to 
the ambient temperature to another A/D converter of Ate PIC. In execution of relevant 
parts of the program, PIC is programmed to display measures of tight and clotting 
time on the LCD. The PIC stores calibration values fiar determination of FT withm the 
tempeiBtum range 18 to 40^C; NCT and ISI as functions of temperature. At the end of 
a determinaiion, Ae hraiatocrit of Ae blood and the PT activity of postulated 
aotico^ulated blood are displ^ed. 



In preferred fmctice of the invention, a container with 350 jiL PT reagent was placed 
in die sanqile holder. The intensity of li^t (lo), transmitted through the PT reagent 
and reaehiag the detector, is measured. Blood is added to the reagent, io. contacted 
wi A Ao reagent, and mixed. At Ae moment of contact, time measurmient is 
commenced. The irrtensity of light (I), transmitted Arough Ae rnixture and reaching 
the detector, is measured. Ax Ae moment of clot detection, Ac time measuremem is 
stopped, in Examples 1, and 3, predsdy defined volumes of blood were added to Ae 
PT reagent This was wiA a pipette, adjistable in Ae range 2 pL to 20 |aL* In 
Example 2, Ae addition was wiA a semi-quantitative volumetric device, a platineus. 
In all examples, precisely defined 350 nL of PT reagent was used In all examples, Ae 
mixii^ of blood and r^ent, and the hooking to detect clotting, v^ere wiA a 
platineuses. 

Platineuses of plastic wiA a 10 ^L loop, Scvont Dy, Helsinki, Finland, were 
under article immbcr 007-25 10 by Labora AB, Upplaiuis Vdsby, Sweden. 



Owien PT reagent GHI 131 was from Global Hemostaais Institute MGR AB, 
Ltnkdping, Sweden. 
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^ -4»-«n Kosson Decoded blood samples, either RDTA anticoagulated for hematocrit and hemoglobin 
Huvudfown tosson ^ anticoagulated samples for PI determioauor.. were fiom ttie 

Central Laboraioiy of the University Hospital. Linkoping, Sweden. The hematocrit 
and hemoglobin of dte EDTA samples and the PT activity of Ihe cttiated saniples 
were known throu^ analysis performed widi an accurate laboratory ra^od. 

The experiments are performed in collaboration with i>rofessor Tomas LindaM and 
appnxved by &e local ethical coimnittee of die named univKsily hospital 

Examritel 



Six samples of EDTA anticoagulated blood wifli known, or trae, hematocnt vahns, 
HCTt, as detenniaed by an accurate laborataiy medtod» are anabmd U8«g s subject 
device of the invention. A blood vohmie (Vb) of each sample is added to andnmud 
with an intended volume of 350 |»L of PT reagent The mtended Wood vohime is 10 
uL Prior to die addition of bh>od and after die mixing; die mtensities of light 
tra^ittcd through liw leagent Qo) and throufl^ the mixture (I) measured. From 
one of die six samples, sample 6AS wife a HCT of 44.0%, experiments widi vanous 
Wood volumes, 4, 6, 8, 12. 14, 16 and 18 |»L, are also perfoimed. These blood 
sanmles, caUed 4S dnou^ 18S. respectively, are assigned an HCT values based <m 
the dflutiGn of die blood acconling to Equation 3. Thus, e.g. die HCT of 4S is 44.0 A 
multiplied by die X m Equation 3, or 17.9%. Tlie known HCT values are plotted 
against Wo and subjected to linear r^ssian analysis. TWs yielded dieTegcession 
equation HCr=2.03*(loA>+9.37 widi i^=0.98. The data is presented in Table 1 and 
die plot in Figure 1. The lo/I values in Table 1 are inserted into die regression 
equation to g^ietale apparent HCT vaUies. Widi die HCTa vahie and die toown. or 
true, hematocrit values, HCTt, die Wood vohaues are detemnned by se of EquMimi 2. 
Hie determined blood voUmies. Vbd. arc compared widi die ^^^^^J^^^^'^^^fl^ 
blood, Vb. It is found that the determined blood volumes were I0l%±7% (meand^v^ 
of die known Wood vohmies. The same is fiwmd also in comparing HCTaand HCTt. 
The lum<^obin valnes of dw sonples are also known, linear regression aiMlyffls of 
die hemoglobin (Hb), in grams per Kter, plotted J«ainst Ion yielded 
Mb=7 1 7*(!c/l)+29,S with ^=0.99, data not f^wn. The equation 
HCr=2 03*ao/l)+9-37 is used to generate apparent HCT values in Bcample 2 aai 
Example 3. The use of smaller and larger vohimes of blood dim die mten^d. and the 
use of Eqaatim 3 to determine nonnaiized concentrstions is ^cncaL It allows access 
to wide HCT range widi onfy a luniled ninnber of saovles. 
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Ad example of uear-patieiit practice of a 
anticoagalBted btood samples. Sample I 

suWected to aanalytB concentration detern ^ 

analyte conceotiaHon is PT. The determination is performed ^ ambient jTOm 
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respectively. Blood ts picked up, o 
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allot^. The intended vohmie of reagent is 350 pL. The plattncuae is also used m 
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hooking to deteizuine the clotting tinM^ With Sample 2, the opeiauon oF picking up 
blood is purposefully done in a sloppy manor to induce a greater variations in the 
blood vohime, as could be experiotKed at a near^pattent assay site. The PT, by INR, 
of the anticoagulated plasma of the anticoagulated blood samples and their 
heitmtocrits are known by an accurate laboratory method. 'Vhc values are INR 1 .00 
and 553% for Sample 1» and INR 2.44 for Sample 2, The HCT values are needed for 
the dcitenninatton of PT in postulated anticoagulated plasma* since ihc composition of 
the reaction mtxttire is ill defined. The known IMR values are for comparison only. 
Detennination of PT in postulated anticoagulated plasma, according to the invention, 
requires two or more measurements on die mixture of blood and reagent. l*hese axe 
optic tneasurements and a thcologjk: measurement The latter yields a clotting time. 
Hie optic mfmsucemcnt allows detemunatton of an apparent hematoGrit* HCTa, as 
detailed in Table t. The iheologic xneasiuemem allows die determmation of a PT. The 
PT determination is calibrated with anticoagulated blood calibrators with known PT, 
by INR, by an accurate laboratoiy method. At the ambient tenq>eratur6, the ISI is 1.17 
and the NCT is S5.2 seconds. The mean hematocrit of the calibrators is 37. 1 %. The 
analyle concentration of the cell vohuno of anfiooagotatcd blood is assumed to be 
29% of tfiat of die plasma volume, as established in Example 2. The hypothetical 
anaiytc volume is thus the volume of anticoagulated blood multiplied by 
(l-HCT-K).29*HCT).The ratio of mean Vh of the calibrators, Vhm, and Ae Vh of 
Sample 1 is thus (l-036S4O.29*0.36Sy(l-0,553-M>.29«0.553) or K23. The 
conesponding for Sample 2 is 1.07. The PT by INR in posudsted andcoagtdated ' 
plasma is determined as follows. The apparent INR value, INRa, is re*«xpressed by 
PT%, by use of an equation of Lmdahl et al, PT%=1/(INR*0.028-0.018). The true PT 
of the blood by PT%t is obtained by use of Equation f . The PT of postulated citrate 
anticoagulated plasma is detenmned as PT%pcit»PT%t^ VhtnA^. The vafaie of die 
invention is cleariy shown by the determinations on Sample 2. In the detomination, 
the blood volumes fluctuated consideraUy, and so did the apparent blood PT, 
(aINRtCV) was 4.2I±37, 1%. According to the mvcntion the PT of postulated 
anticoagttla^ plasma is INR 2.43di2.2%. This is in good agreement with INR 2.44 by 
an accurate laboratoEy mediod. The PT of Sample 1 was dlso accurately and precisely 
determined according to the inventicm. The ^mmpte is, in sense amockmp, of a 
practice of the invention. For reason e3q>eiimental simplicity, the blood samples tested 
were citrate anticoagulated blood. In authentic practice of the invention, blood would 
have been tested. Instead of 10 |iL of citrate aoticoagiilated blood sample, 9 |iL of 
blood would have been used. The redtioed volume of blood is to con^>ensate for die 
volnnie expansion caiised by tfie citrate anlicoagolation process. Altmiatively the PT 
detamination would have been calibrated with 11.11 (iL of citrate anticoagulated 
plasma and 10 )iL of blood would have been tested. It is known that dtc citrate 
antscoagidation process* as such, does not influence the PT determination. 
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Example 3, 

A set of 40 ciiiais anticoagulated blood samples were randomly selected fiom taiSfy 
analyzed, to be discarded, samples* that during the previous day had been remitted to 
the Central Laboratory of the University Hospital Link5ping fiyr routine coagulation 
ana^Sfsss. The samples were centiifiiged so that the blood cells were pelleted at the 
bottom blood sample tubes and the plasma was on top. Whhin two hours of analysis, 
die INR of the plasma sample was determined by an accurate laboratory method of 
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the central laboratory. The Xkihcs were capped and turned upside down, several nines, 
to resuspend the blood cells. Within 5 minutes of'resuspension, each blood sample 
was analyzed^ at room lemperatuxe, 21.5 C, by contactiiiglO jU. (pipette) of blood 
wiA 350 >iL of Owren PT reagent. Mixing and hooking was wiih a plalineuse. Two 
measurements were performed on die mixtiires^ an optical witti which the hematocrit, 
HCT, was determined and a rheological (the booking) to delennine the clotting time, • 
C r. The set was subdivided into diree groops. The first is a low HCT group consisD'ng 
of six samples with a mean HCT of 24.8%. The second is a high HCT group of ei^t 
samples witfi with a mean HCT of 52,9%. The diixd is an intennediate HCT group of 
twen^^three samples with a mean HCT of 33.6%, The tutennediate group is used to 
calibrate PT determination of tfie subject method. This resulted in an ISI of 1, 1 1 and 
an NCT of 48.5 seconds. The mean plasma INR and blood INR of the low HCT group 
and the high HCT group was 1.81 and t.71, and 1.68 and 1.89, respectively. The 
blood INR compared to the plasma INR is 5.8% lower for the low HCT group and 
12.5% higher m the high HCT group. To establish Ae size of Ac hypothetical ana|yte 
vohuoe, Vh, the mean blood INR values for the high and tilie low HCT group is 
converted into PT%» a proportional PT expression. The mean plasma PT% of eadi 
group is used to determine a mean blood PT% by multiplying the mean blood PT% 
with the quotient of tiie mean Vh of the calibrators and the mean Vh of the group. The 
Vh is assumed to be ttie sum of the plaana volume and a fiaction of Uie cell volume 
of anticoagulated blood. The fraction is vaiied between 0 and I in steps of 0. 1. At 
each fraction level the mean plasma INR is determined and compared to the known 
mean plasma INR. At a fiacticm of 0, all PT m die plasma vohtme, the plasma INR 
was 2.5% greater and 9.1% smaller than the known plasma INR fbr the low HCn* and 
the high HCT groups^ respectively. A difTcfence of zero is found at cell volume 
factions of 0.24 and 0.33 for the low HCT group and the high HCT groups 
respectively. See Figure 2. The optimai value of the cell volume fraction is 
established at 0.29 (29%). Practice of the inv^tion in detennination of postulated 
pbsma FT by analysis of blood PT leads to considerable inq^rovement in accuracy 
when hematocrit is hi^. At an hematocrit of 58.8% (equivalent to 52.9% in 
anticoagulated blood), practice of die invention at a smaller labcnatoiy will erase a 
^stematic error of 12% in detemiination of PT by analysis of blood according to 
prior art At hematocrits of 55%, 60%, 65% and 70% die ^stematic eiror that will be 
emsed by practice of the invention is 1 1%. 17%, 23% and 29%, respectively, in the 
ther^eutic INR range of 2.5. Systematic errors at low hematocrit, aldious^ somewhat 
more modest, will also be erased, by practice of the invention. In die example^ for 
experimental reasons, 10 pL of citrate anticoagulated blood was added to die PT 
reagent, instead to 9 |iL of blood, in jnactice of the invention. In this regard, the 
practice of the invention in this example is a mcsdc-np. However, diere is no reason to 
believe that the results would have differed fay use ofblood. 



Exanmle4. 

The same data set as in Example 3 is txsed to xnacdce the invention by die procedural 
steps involving Equation 4. There are the same three groups as tn Example 3; the low 
HCT group, the high HCT groxq> and the intemiediate HCT group. Using die ceU 
volume iiBCtion established m Example 3, Vh of each sample is detBrniined as I0*(1- 
HCT+0.29*HCD. The mean Vh, Vlun, for die h>w, high and intermediate HCT 
groups are 8.24 ftL, 6.25 and 7.62 pL, reflectively. Calibraticm of die PT 
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detennination was, as in Example 3. Three plots of blood P'I\ INRb, against the 
Huvudfoxen KoiJKin i^^own plasma PT, INRp, one for eadi group, are made, sec Figure 2a. Linear least 

square regression yielded the regression equations INRb~^.935'^iNRp-H).0 1 1 and 
TNRb=1.108*INRp+0.02U for the low and high HCT group* respectively. From this a 
difference was calculated AINKb^M). 173*INRp { 0.009. The corresponding difference 
in mean Vh, AVhm, was determined to 1,99 pL. 11ie AINRb/AVhm, viewed us an 
estimate of dINRb/dVh, was dius established as -0.086^1NRb+0.00S. This was used 
to detenmine the plasma INK of the ^tmples in the low HCT group and tlie hi^ HCT 
group ace<»dmg to Equation 1 1 , see Figure 2b. The mean enor, (lNRb-rN^)/INRp, 
was determined for each sample befine and after the correction, hi l2ie low HCT 
group the eiror changed fbrm •-4.8% to 0.2% and for the hi^ CHT group from 12. 1% 
to 0,8%, The here used procedure to pxactictng the invention in determine an analyte 
ccntcentEation by a non<t»roprationaI expression^ the use of Equation 4, requires fewer, 
end simpler, calculations than aiterBtive procedure described previously, 
i.e.proceduies in which an analyte concCTtration by anon-piopoitioaal is re-expressed 
into an analyte concentration by a proportional expression. The heie described 
procedure, which requires less calculation, may be of advantage vAion practicing the 
sidgect methods by use of a microprocessor with Knixted processing capacity. 
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Tabic I. Six CDI'A anticoagulatcd samples^ lA through 6 AS, Vkdth variowi 
hematocrit^ HCl', are analy2ed by aa analytical set-up with which the inveniion may 
bo practiced, 'llie blood volume, Vb, is added CO 350 |iL of PT reagent. From one of 
the samples, sample 6 AS, experiments widi various volumes are performed. The 
nomiaiized blood concentration is detemuned fay use of Equation 3. A relationship 
between HCT and I/Io is established With this relationship and the lo/I quotient, an 
a(^»rent hematocrit is detexmined fbr each experiment, HCTd. By use of Equation 2, 
the added blood volume is detexmined, Vbd. 



Sample 


HCT 


1A 


39,3 


2A 


^1 


3A 


46,0 


4A 


25.1 


5A 


31,6 


eAS 


44,0 


4S 


17.9 


6S 


26,7 


88 


35.4 


12S 


52,5 


14S 


60,9 


16S 


69.2 


16S 


77.5 



Vb 


10 


10 


731 


10 


767 


10 


753 


10 


742 


10 


809 


10 




4 


797 


6 


768 


8 


808 


t2 




14 


808 


16 


749 


18 


739 



1 


HCTa 


48 


40.3 


47 


42.1 


44 


44.1 


110 


23.1 


65 


34.6 


50 


42.9 


142 


20.6 


92 


26,3 


62 


35,8 


38 


53.6 


30 


64.0 


26 


67.8 


22 


77.6 



Vbd 




10,3 


103 


8.8 


88 


9,8 


98 


9.2 


92 


11.0 


110 


9,7 


97 


4,6 


116 


5,9 


99 


8,1 


101 


12.3 


102 


14,7 


105 


15.7 


98 


18,0 


100 
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Table 2. Near-patient practice of a method of the invention in which the analyie 
concentxation PI* was detennined 5 times and 6 times in two blood samples.. Sample 1 
and Sample 2» respectively. By accurate laboratory methods^ the plasma FT and HCT 
of Sample 1 and Sample 2 were INR 1.00 and 55.3% and INR2.44 and 43.5%. 
re.specttvely. lo and I are light intensities transmitted through the reagent alone or 
through the mixture of blood and reagent. CT is the clotting time, HCTa and INRa are 
the appavent hematocrit and FT, respectively. PT%a is the apparent PT by PT%. PT%t 
is the true PT% of the blood. PT%p and INRp are the PT in postidated anticoagulated 
plasma by PT% and by INR. The mean and the CV of INRa and INRp are also given. 



Sample 1 
lo I CT 

817 33 58 

606 30 55 

772 38 60 

791 38 60 

843 38 58 

Mean 

CV 



HCTa INRa 
59,6 1,08 
83,9 1,00 
52.9 1,10 
51.6 1,10 
58.9 1,08 
1,08 
4.1% 



PT%a Fm 

85.8 70,8 

101^ e7«a 

77.9 81,4 
77,9 83/1 
85.8 83,4 



PT%p INRp 
98,3 1.01 
108,1 0,97 
100.5 1,00 
103.0 0,99 
102,9 0,99 
0,99 
1,2% 



Samples 



lo 


1 CT 


HCTa 


INRa 


787 


43 120 


46,5 


2»46 


824 


44 120 


47.4 


2,46 


753 


45 122 


43.4 


2.51 


794 


65 147 


34,2 


3,11 


850 


147193 


21.1 


4,27 


817 


38 111 


53.0 


2,25 


Mean 






2,84 


CV 






28,6% 



PT%a 


PT%t 


PT%p 


INRp 


19,6 


18,4 


19,7 


2,48 


19,6 


18,0 


19,3 


2,49 


19.1 


19,2 


20,8 


2.38 


14.4 


18,4 


19.7 


2,45 


9.8 


20.3 


21.7 


2,29 


22,2 


18,3 


19,6 


2.47 



2,42 

3,2% 
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1. A method to deteimine an analyte concenfration in postulated anticoagulated plasma 
by perfonning measuiements on a mixture of an intonded volume of blood and an 
intended volume ofreagent, said postulated anticoagulated plasma is from blood 
subjected to a postulated anticoagulation process, wherein; 

a) said intended volume of reagent is five-fold, or moie> larger than said intended 
volume of bIood» 

b) two or more measurements are performed on said mixture, 

c) the hematocrit of said blood is detennined> 

d) an analyte concentEBtion in said blood is determined, 

2. A method of claim 1 , wherein, 

a) ihevolumeof blood in said mixture is within die rasige of 50% to 150% 
intended vc^me of blood, 

b) die volume of reagent in said mixture is within the range of 70% to 120% of 
said intended volume of reagent, 

c) the hematocrit of the blood is known. 



3. A method of claim 1, wherein, said inte^ided volume of blood is in the range of 5 to 40 
pL and said intend volume of reagent in fbs range 100 to 1000 pL. 

4. A method of claim 1, wherein, said uitended volume of blood is in the rangie of 5 to 20 
pL and said intend vohmie of reagent in die range 150 to 600 pL. 

5. A method of claim 1, wherein, said measurements on are perform ed in a tubular 
container with a smallest cross section dtmension of 4 mnt 



6. A method of claim I. wherein* said measucemeiits on are performed in a tubular 
c<mtainer witiia smallest cross section dimension in the range of 5 mm to 15 mm. 

7. A method of claim U wherein, said imagined anticoagulated process includes the 
addition of an anticoagulant selected from the group of anticoagulants composed of 
sodium, potassiimn and Itthhmi salts of atrate, tsocitrate, EDTA» oxalate, heparin and 
hirudin. 



8. A method of claim 1, wherein, said imagmed anticoagulated plasma is a fluid derived 
from blood, said fluid does not coagulate, and is included in a gioup of blood derived 
fluids composed of serum, hoparinized pbsma, fairudinized plasma, oxaJated plasma, 
citrated plasma, isocitrated plasma* EDTA-pIasma and heat-treated plasma. 

9. A method of claim 1, wherein, said determination of analyte concentration is 
cal^rated with anticoagulated blood with k i ro wn analyte concentration in the 
anticoagulated plasma. 

10. A method of claim 1, wherein, said analyt is selected from the gioup of atudytes 
composed of prothrombin time (PTX Hbrinogen, fibrinogen degradation products, D* 
dimer, activated partial prothrombin time (APTT), C-reacth^e protein (CRPX 
chole^erol, and ^ucose 



» 
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700'^ '1 2" 0 2 ^ ^ - ^ method of claim 1 , wherein, said determination of hematocrit ts based on one or 

more measurement of light with wavelengths in the range of 800 nm to 11 00 mn. 

iz. A metbod of claim I , wiiereing, said two or more measurements are performed at 
ambient temperature in the range of 1 8^ C to 

1 3. A method of claim 1. ^rein, said reagent contains 0. 1 g/L, or more* fibrinogen. 

14. A method of claim I, wherein, said anatyte concentration is PT expi^sed in INR, 
wherein, prior to said dctexminatson of analy tc concentration in postulated 
anttcoagulated plasma, the analyte concemration is le-expressed in PT%. 

15. A of claim 1 , whoein, the said analyte concentration in blood is determined by 
measuremmt of die clotting time of said mixmne. 



3( (^^ 



16. A measurement and detemiinasion device fiir peribnning fhe measurements, 
detenxdn Eations and calculations of claim 1, comprising! 

1) a data processor, 

2) a read only memory, 

3) calibradoa data for hematocrit, said hematocrit calibration data is stored in said 
read <»ily memory, 

4) calibi^on data for said analyte, said anal3rte calibration data is stored in said read 
only memory, 

5) means of perfbrniing two or more measurraients on said mixture. 



17. A equipment kit for deter 












idatcd 



of an analyte coiu^eniration mv 
anticoagulated plasma according to claim i» said equipment kit has an identification 
nuirk, said equqiment kit comprises: 

1) reagent, said reagent has an identification mark related to said identification 
maik of said equipment kit, 

2) a measurement and determmalioadeWceacconiing to dai^ 
measurement and detenninatiQn device has an identificaQon maik related to 
said identificaticm mark of said equipment kit. 
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ABSTRACT 

The invention providds methods, devices and kits for dctennination of an analyte 
concentration in postulated anticoagviated plasma by analysis on blood. According to 
subject methods, hematocrit and analyte concentration are delcnnined by perfonntng 
two or more measurements on a mixture of an intended volume of btood and a 6ve- 
fold, or more, greater intended vohmie of reagent. It is disclosed how the analyte 
concentratioii in postulated anticoagulated plasma is detennined from the detennined 
hematocrit and analyte concentration. The invention provides a bridge betM/cen 
accurate laboiatoiy methods for determinatiim of an analyte concentration in 
anticoagulated plasma and near-ipatient methods for determination of die same ana^te 
concentrations by analysis on blood. It is disclosed how accurate wet-chemistty 
lai>oiatoiy methods Ifor determination of analyte concentnitions in anticoagulated 
plasma can be adaptg^ to milieus where precisely defined volumes cannot be 
accomplished. It is disclosed how protinombin time of postulated ai^coagiilated 
plasma can be determination by analysis on blood. 
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Linkoping, 2 dcceitibcr 2003, 



Till den det vederbOr^ 

Tidiaarc idas fexadc jag en patent ansdkan, mcd tiicln ^Hcniatocrit and analyte 
S3^oa SSJnii J. Pa vig tillbaka ftin bre vladan slog dd nng, an en tanke 
kanske inte konunit belt Idart tfll uttiyck i besknvningpn. 



En mening saknas p& sidan 10 av beArivnin^ I det bifogade ar 

infogad undemken. Den tnfogade meningpn paverkar sidoma 10 till och med 

14, sedan ar aUt identiskt med dct som faxats och postata. 



Jag vai alltsa art den mfogade meningen Wfogas ansdkan, Jag kommcr att kortato er 
imo^on ffir att hdianannare vad jag ska goia. 

Med v^igh^sning, 




Mats R^by 
tlf^fex 013 670 73 
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vo]ufnes, the effects are even smaHcn In addition, reagents have an excess; of active 
substances and tfie reactions in reaction mixtures arc hardly influenced by reagent 
concentrations. A deviation in the reagent volume from the intended volume will 
impact on the reaction mixture in three ways. It will change the reagent concentration 
of the mixture, change the total volume of the mixture, and change the blood 
concentraiton of the nuboure. Two of these changes are without importance; the 
change in reagent concentration and the change in total volume. The only change that 
is of importance is die change in blood concentration. Variations in total volume, of 
the mixture of blood and reagent, deserve a liule more attention. In theoiy, the total 
volume does not influenee an aoaly^ eoneetttration detenrnn^ion. A smaD vohnne 
and a large volume have the same analyte concentration provided the compo^tion is 
the same. In practice^ however, there are limits. At very large volumes, the container 
will over-flow. At veiy small volumes the metisuxemcnts caimot be performed. The 
limits, within which the total volume may vaiy, without afiEbcting d\c determinations, 
must be established tor each mdividual method of the subject methods. 



Tlie two or more measuretnents that are performed on tfie mixture of blood and 
reagent can be of aiy kind encoiopassed by prior art. The measurements can be 
electrom^netic, electric^ magnetic, iheologic, calorimetric or stoichiometric. The 
electromagnetic measurements include measorements of alt sorts of electrotmgnetic 
radiation; visible^ ultraviolet, infrared lights microwaves, radiowaves ^cetera. Electric 
measurements include measurements of all sorts of electrical phenomenon such as 
resistance, impedance, potential, cunent and capacity. Stoichiometric measures 
include all sorts of cotmting; celt counting, and radionuclide disiniegration counting 
etcetera. In preferred practice, one measure is selected for each analyte, but this is tn 
no way necessaiy . Two optic measurements^ e.g. measuretnents at two wavelengths^ 
may be linearly combined to obtain, two analyte concentration detetminations. 
Altemative lv, two or more optical measurements at the same wavelength, but 
separaipd in time- can be nsed to dete imine two 1*™^^ ^y^yeritrations. Two or more 
measurements ate needed to determine two analyte concentrations and three or more 
are needed to determine three analyte concentrations and so finA. In a current practice 
of subject methods, one optic measuremoit and one theotogic measurCTient are 
perfbzmed on &e mixture. The optie measurement is used to determine hematocrit 
and the iheolc^c measurement to determine FT, With the theological measurement a 
clotting tune is determined. A clotting tune cotild be used to deiemune any 
coagulalive analyte concentration sudi as activated partial prothrombin time ( APTT) 
or activated coagulation time (ACT). 



In the subject methods^ the phrase ^analyte concentration' pCTtains to aiqr property of 
matter that is related to the number of copies of some obsea-vable or imaginaiy ratiiy 
per unit of volume. Analyte concentration is thus stoichiometric in nature. Analyte 
concentration determination in blood is related to determining the munber copies of 
such entities per unit volume of blood. If the blood is diluted the analyte concentration 
iaiis. This does not necessarily apply to the analyte concentration by a given 
expression. Analyte concentration by a given expression is not necessarily 
proportional to a concentration of some observable or itnaginaty entity. An example is 
acidt^. Acidity is an analyte c<mcemration rdated to the number of imagined ions 
per unit volume. Acidity is commonly expressed in pH. Acidity by pH is cleariy not 
proportional to the concentration of ions. An anaJyte coitoentratioa by a aon- 
propoitional expression can be re-expressed to become proportiox»L For example. 
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acidity by pll can be re-expressed as acidily by 10 to tlie power of -pH, to perliaps 
HuvucKoxtn Kyiton become proportional.* Axtotber example ofanalyte concentration is prothrombin lime 

{PT). Thh analyte is related to the concentration ofcoagulation radons, particularly 
coagulation factors II, VII and X. Comtnonly used expressions of PT are clotting time 
und INR. Expressed by clotting time or by INR, the PT concentration is not 
proportional to the concentrations of clotting facion>. For pracitce of subject methods, 
it is of importance that hematocrit is by proportional expression; other analytc 
concentrations determined in practice of the subject methods may be expressed by any 
expression, proportional or not. Certain detennmation procedures disclosed herein 
require that the analyte concentration be 1^ proportional expression. To ascertam that 
an analyte concentration is propoxtimal expression is should be checked that the 
determined apparent analyte concentration is proportional to the blood concentration 
indie reaction mixture. The experimental data m Table 1 allows such a check on 



In near-patient practice of the invention, ana^rte concentration by proportional 
expression allows straightforward determination of analyte concentration in blood. If 
the apparent and true analyte concentrations in blcxMi are At and Aa, respectively^ and' 
the apparent and true (known) hematonit are HCTa and HCT^ reflectively- The 
following apphes: 

At==Aa^HCTt/HCTa Equation 1 



The tme analyte concentration in blood and Ac true hematocrit are siifiScientto 
determine the analyte concetration m postulated anticoagulated blood, since the blood 
volume then can be assumed to be the intmded. 



If the analyte concentcation is not by proportional expression, the calcolaiion may 
proceed by determining the tnie blood volume according to the following equation: 

Vbt=Vbi*K*R/(R-K+l) Equation 2 

The true and intended blood vohunes are Vbt and Vbi, re^ectively. K is the ratio of 
HCTa to HCTt, and R is the ratio of Ae intended reagoot voltnne, Vii, to tfie intended 
blood volume, VbL 

To check if an anafyte concentration is by proportional expression, the blood 
concentration in die mixlure of blood and reagent is needed. This^ and other 
concentradons in the mixture, can be detonnined with the following equation: 

X=(Q+Q»R)/(0+R) Equation 3 



In Equation 3, R is Vri/Vbi, as in Equation 2» and Q is VbA^ii. Equation 3 gives 
ttottnalized concentration values* Le. concentration values that are unity (100%) when 
Q is one. Equation 3 informs that X is equal to Q when R goes towards iniSnity. 
£quati<m 3 is handy in calibration of hematocrit by allowing the use of various 
vohunes of a few calibrator blood samples to cover a wide ran^^ of hematocrit values, 
see Example L In cunrently &vored practice of subject mediods, R is 35. At this 
condition the dif&rence between X and Q is pronounced cmly at higher Q values. 
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Huvudfaxen Kowan One eeneral way to determine an analyte concenixvtioD in posmlaied anticaogulated 

plasma, App, is by use of the concept hypolhotical analyte volume, Vb, detailed 
below, 1'he analyte coiiccntration io blood is detennined with respect to the analyte 
concentration in anttcoagulated blood expressed a$ analyte concentration in 
anticoagulated plasma. To do this, the analyte concentration detennination is 
calibrated using appropriate volumes of anticoagutatcd blood calibrators with koown 
analyte concentrations in their anticoagulated plasmas. These calibrators have a 
known mean hypoAetical analyte vohrnie, VhnL The appropriate volume of calibrator 
is the intended volume of blood a&er subjection to the postulated anticoagulation 
process. The dependence of the detennined analyte concentration on the Vh is 
established as the differential dA/dVh. The analyte concentration in blood, Ab, and its 
associated Vh is detennined. The desired analyte concentration in postulated 
anticoagulated plasma, App, is obtained fay: 



App«AlH-/(dA/dVfa)*dVh 



Equation 4 



The mtegration is 6om Vh to Vhm. In Example 3, App is detennined acconling to 
Equation 4. Jn &e example, the differential is approximate by AA/AVh, i ,c, by 
macroscopic change in A, (A2-A1) divided by the macroscopic change in Vh, (Vh2- 
Vhl). 

An analyte concentration is, to some degree, dependant on the method used in its 
determination. Because of this, a characteristic imperty of the method is often 
indicated. An example is ^e analyte concentration hematocrit. Hematocrit may be 
detemiined by measuring the volume of blood cells, or by measuring ligjit Depending 
on the method used* the analyte concentxation may be rei^red to as volumetric 
hematocrit or photometric hematocrit, respectively. If nothing is said about the 
mediod used» the interpretation can be either broad or narrow. A narrow interpretation 
is that a reference mctftod has been used. A broad interpretation is that any known ^ 
mediod has been used. Jn the subject mediods, the phrase *an analyte concentration* 
should be tnterpi^ted in ihe broadest, most non-liniiting way. In the context of tiie 
subject methods, itte phrase 'analyte conc^itration in postulate anticoagulated 
plasma' refers to the analyte concentxation fliat is obtained, by any method, if the 
blood is subjected to a postulated anticoagulation process and the analyte 
conoentiation is determined in the anticoagulated plasma, hi prefeiTCd practice of4e 
subject mediods ihs analyte concentxatiom in the anticoagulated planna is determined 
by an accurate laboratory method. The analyte concentration in postulated 
anticoagulated plasma, detennined by practice of the subject methods, is not 
necessarily identical to this value. The spirit or gist of the subject me^ods is, that the 
value obtained by deteiminstion of analyte concentration in postulated anticabgulated 
plasma is close to the value ttiat would have been obtained if determination had 
actual]^ been performed on the anticoagulated plasma. 

In the subject methods, hematocrit is determined by any method known to capable of 
determining hematocrit. In prefened practice the hematocrit is determined by 
measurement of transmitted light with wavelengths in the range of ^00 nm to 1 100 
nm. The hematocrit determination is calibrated witfi blood samples ividi known 
hematocrit values. The hematocrit vahies are known by an accurate laboratory 
method. 
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In the subject methods, the phrase 'the effects on Wood volume and hematocrit of the 
HuYudfoxen Kossan postulated anticoagulation process' peitains to typical, or average effects of the 

process. 

Three types of anticoagulation processes are commonly used in clinical diagnostic 
method, anticoagulation with EDTA, heparai or citrate. Two of these processes, 
anticoagulation with EDTA and anticoagubtion with heparin, have only minute 
effects 071 blood volume and hematocrit. The citrate anticoagulation process, as 
commonly practiced, has pronounced effects. The typical citrate anticoagulation 
process consists of adding one volume of 0, 11 M or 0.13 M tri-sodium citrate to nine 
volumes of blood. This affects the total blood volume and the hematocrit The citrate 
solution is hypertone and shrinkage of blood cells is expected^ and may need to be 
taken into accountlf citrate annco^gulatiott applied to blood with a volume Vb and a 
hematocrit HCT» the voiimie of anticoagulated blood and its hematocrit, Vbcit and 
HCTcit, respectively^ are given by the following: 

Vbcit=Vb*10/^l, 1 1 l*Vb Equation 5 

HCTcit==HCr*9/lO:5:HCT/i. Ill Equations 6 

The plasma vohmie and the coll volmne of the postulated anticoa^ated blood, Vpcit 
and Vcczt, respectively, are given by: 

Vpo!t=Vb*( Mil -HCT) Equation 7 

« Vccit^Vb*HCT Equation 8 

If x% shrinkage of the blood cells is known to occur, the hematocrit decreases by x% 
and the volume of the plasma increases by the volume the cells have shrunk. 



• • • 
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In pieferred practice of the invention, the d^erminaiion of stialyte concentration tn 
blood is calibrated with &e appropriate volume of anticoagulated blood c^iibfat<»s 
with known analyte concentrations in thir anticoagulated plasma. In the calibration 
procedure, a hematocrit value is obtained for tke cone8p(Uiding blood of each 
calibrator fixma which die hematocrit of the calibrators can be detennined. This 
hemato^t allows determination of die hypothetical analyte volume of each caHbratm', 
as detailed below. For example, if a subject mediod is to be performed with an 
intended blood voltnne of 10 pL and an intended reagent volume of 350 pL and the 
postulated anticoagulation proce^ is dtrate anticoagulation, the method is calibrated 
byuseofU.ll pLofcttratc anticoagulated blood, according to Equation 4. An 
apparent hematocrit of the calibrator is obtained. Since 11.11 pL has been used 
instead of die intended 1 0 pL, die hematocrit of the calibrator is veiy nearly the 
apparent hematocrit divided by t.t 1 1» For best^ccuracy the apparent hematocrit 
should be divided by dlie norraalized concentration of Equation 3. Inserting a Q of 
M 1 1 and R of 3S results hi a nonnaligg& ^^JM^adia tion, the X value, of 1.108. 

Detetminadon of the hy^pothetical analyte volume requires infiarmation that may be 
obtained by separate experiments. The hypomettcal analyte volume, Vh, of 
antkoagnlated blood is a volume that contains all the analyte and has the same 
concentration as die andcoagulated plasma. In preferred practice of the invention, the 
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Tables. Heamatocrit and Analytc Concentration Detonnination. XVfi Rage 2(2) 

Tabic 2. Near-patient practice of a method of the mvcntion in whieh the analyte 
concentration PT was determined 5 times and 6 times in two blood samples. Sample 1 
and Sample 2, respectively. By accurate laboratory methods, the plasma PT and HCT 
of Sample I and Sample 2 were INR 1.00 and SS.3% and INR 2.44 and 43.5%^ 
respectively, lo and I are light intensities transmitted through the geagent alone or 
through the mixture of blood and reagent. CT is the clotting tnne. HCTa and INRa are 
the sq^parent hematocrit and PT, respectively. PT%a is the apparent PT by PT%. PT%t 
is the true PT% of the blood. PT%p and INRp aie the PT in postulated antico^gulated 
plasma by PT% and by INR. The mean and tiie CV of INRa and INRp are also given. 
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